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(pp. 543, 
544) 


Gymxookti- 

ATA. '(p. 

5443 


Fainily. 

j PENTA'roMIKAK (p. 5'15}. 

Cor. El DA 1C (p. r)-U>). 
BmtY'i’rDAE (p. 548). 
Ly(JAEi.1)AE (p. 548). 
PYILIIHOCORIDAK (p. 549). 
TrNorDAE (p. 549). 
Ah.adidak Qi. 550), 
HKr?RIT)AE (p. 551 ). 
Hao)Rome'I'kiidvk (p. 551). 

' He n' 1001 ! E I’ 1 1 A iJ i> Aic ( 1 1. 5 54 ). 
Phymatidae (i>. 554). 
Kedeviidak (p. 555). 
Aepoptiilidae (p. 559). 

Ce r A' ro( :o m ei i >a [•: (p. 551) J. 
ClMIOIDAK (p. 559). 
Anthoooimtdie (p. 550). 
PoiiYOTKNIUAE (p. 500). 
Capsidae ([). 561). 
USaldidak (p. 56>2). 


CRYFrOOE II- 
ATA ( p. 

562) 


' GALGI.rLIDAE (p. 502). 
Nepidak (p. 563). 
Naucoridak (p. 565). 
Belostomidak (p. 565). 
N OTON EcrriB ae ( ]), 567 ). 
^COEIXIDAE (p. 567). 


Eomoptera 
(pip. 543, 
568) 


Trimera (p. 
544) 


CiCADXDAE (p. 56S). 

FuLaoiii DAE (p. 574). 
Memdhacidae (|), 576). 
Oeiioopidae (p. 577). 
jA88IDAK(p. 578). 


DtMKUA (p. f 
544) I 
Monomkiia / 
I (p. 544). \ 

f 

I 


PSYLLIDABJ (p. 578). 
Apiiidaio (p. 581). 
Alisurodiiiak (p. 591), 

COCOXDAK (p. 592). 
Pediculidak (p. 599). 


i Aaoplora 
I (p. 599.) 


CHAPTEK I 


HYMENOPTERA PETIOLATA CONTmUED 

SERIES 2 . TUBULIFERA OR CHRYSIDIBAE SERIES 3 . ACULEATA 

GENERAL CLASSIFICATION BIYISION 1. ANTHOPHILA OR BEES 

The First Series — Parasitica— of the Sub-Order Hymenoptera 
Petiolata was discussed in the previous volume. We now pass 
to the Second Series. 

Series 2. Hymenoptera Tubnlifera. 

Trochanters undimded ; the hind-body consisting of from three 
to fl'oe visible segments; the female with an ovi;positor, 
usually retracted, transversely segmented, enveloping a fine, 
pointed style. The larvae usually live in the cells of other 
Hymenoptera. 

The Tubnlifera form but a small group in comparison with 
Parasitica and Aculeata, the other two Series of the Sub-Order. 
Though of parasitic habits, they do not appear to be closely allied 
to any of the families of Hymenoptera Parasitica, though M. du 
Buysson suggests that they have some affinity with Proctotrypidae ; 
their morphology and classification liave been, however, but little 
discussed, and have not been the subject of any profound investi- 
gation. At present it is only necessary to recognise one family, 
viz. Chrysididae or Euby-wasps.^ These Insects are usuaEy of 
glowing, metallic colours, with a very hard, coarsely-sculptured 
integument. Their antennae are abruptly elbowed, the joints 
not being numerous, usually about thirteen, and Ireijuently so 

^ S^tematic moiiograpL, Moesary, Budapest, l$S9. Acoouut of the luropeau 
Chrysididae, R. da Buyaseu in Andr4, Bp$c. gm. voL yL 1890, 
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connected that it in not easy to count 
the great majority, of very peculiar 


in 


iif'ii 1' . 




thefiL 

the Insect to curl it complct.'ly under the anterior puUe 
roll up into a little hall; the .lor«il plates are v',_v 
arched, and aeon from heiuyith lorin a free, edge, vv a > ! e ' " 
plates are of less hard couHistenc'e, and nnt vumm^ 
dorsal plates at some distaiiee from tht‘ free hi ilia! I 

abdomen appears coiiciive lH*nc‘4itlL In 


fi.d 



fiQ. wniUh 9> KiigkwL 


the |,fr-'||il*4 

til*’' 

in IhV'M to- llial rd 

i\m Avnkmtr lij'iiirii- 

opiorji, aliil lia^H fwiir 
or livti w-g- 

iiimifH* tmimil of il**'* 

throi* <ir loiir lJi«l 
lire nil tJaii mu h* 
mmi ill 

(!lirj-i^iflidai\ Tli*^ 
larviir^ nf iti** Itiihj 
flk«8 liiive itin wiiiir 
of 

Tim iti 


as other Hymenopfcei’a Fefciohitin 
spect of the perfe(?t Ciirysidiclm^ from oilitir Ft^inlnlii if* ilim 
to a greater number oC tiie termimtl lotting IikImwii 

s-o as to form tlie tube, or tidtMi4?o|m**Iike utruelitrii froiti wlilifli 
the series obtains its name* This tnl» li »ltowii 
extruded in Fig. 1; whan ftilly tliruiit out It i» to tm 
segmented, and tiixm or four segiiieiifcii timy }m iliMtliigtibliefi, 
The ovipositor proper is ooneeiiltHl within thin titk^; it 
to be of the nature of an imprf««t «ting; tlicw kdiig it v^ry 
sharply pointed style, and a pair of enveh>ping filioJillis ; lli»^ 
really consists of a trough4ika pink", and two liiu? mdiior spirillar. 
There are no poison glands, ext^pt in wliii'li ibriii 

to come very near to the Aeulmto seriea <*r lii«^ riiry^i- 

didae on occasions use the ovi|Kiiitor as a sting, llioiigli it m inily 
capable of iniicting a very minute and iilmoit itiitotmmw 

Although none of the Ruby-iies attain a Imrgi* tliry urc 
usmlly very conspicuous on accemnt of their giittcif «ir luilliiiiit 
colours. .They are amonpt the most n!ith«s and rtt|iitl of ; 
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they love the hot sunshine, and are difficult of capture. Though 
not anywhere numerous in species, they are found in most parts 
of the world. In Britain we have about twenty species. They 
usually frequent old wood or masonry, in which tlie nests of 
Aculeate Hymenoptera exist, or fly rapidly to and fro about the 
banks of earth where bees nest.. Dr. Chapman has observed the 
habits of some of our British species.^ He noticed Ohrysis 
ignita flying about the cell of Odynerus jocorietum, a solitary 
wasp that provisions its nest with caterpillars ; in this cell the 
Chrysis deposited an egg, and in less than an hour the wasp had 
sealed the cell. Two days afterwards this was opened and was 
found to contain a larva of Chrysis a quarter of an inch long, as 
well as the Lepidopterous larvae stored up by the wasp, but there 
was no trace of egg or young of the wasp. Six days after the 
egg was laid the Chrysis had eaten all the food and was full- 
grown, having moulted three or four times. Afterwards it formed 
a cocoon in which to complete its metamorphosis. It is, however, 
more usual for the species of Chrysis to live on the larva of the 
wasp and not on the food ; indeed, it has recently been positively 
stated that Chrysis never eats the food in the wasp's cell, but 
there is no ground whatever for rejecting the evidence of so care- 
ful an observer as Dr. Chapman. According to M. du Buys- 
son the larva of Chrysis will not eat the lepidopterous larvae, 
but will die in their midst if the Odymrus larva does not de- 
velop ; but this observation probably relates only to such species 
as habitually live on Odynenis itself. The mother-wasp of 
Chrysis hidentata searches for a cell of Odyn&rus spinipes that has 
not been properly closed, and that contains a full-grown larva of 
that wasp enclosed in its cocoon. Having succeeded in its search 
the Chrysis deposits several eggs — from six to ten; for some 
reason that is not apparent all but one of these eggs fail to pro- 
duce young ; in two or three days this one ‘ hatches, the others 
shrivelling up. The young Chrysis larva seizes with its mouth 
a fold of the skin of the helpless larva of the Odymrus, and 
sucks it without inflicting any visible wound. In about eleven 
C^ has changed its skin four times, has consumed 
all the larva and is full-fed ; it spins its own cocoon inside that 
of its victim, and remains therein till the following spring, 
when it changes to a . pupa, and In less than three weeks tliere^ 
^ Mm. m% Ill 


4 


HYMENOPTERA 


CHAP. 



after emerges a perfect Chrysis of the most brilliant colom , iincl 
if it be a, female indefatigable in activity. It is reniarlcable 
that the krva of Chrysis is so much like that of Odynems that 
the two can only he distinguished externally by the colonr, the 
Odynerus being yellow and the Chrysis white; but this is only 
one of the many cases in which host and parasite are extremely 
similar to the eye. Chrysis has been i eared fiom 

the cocoons of a Lepidopterous Insect fliirescefis, family 

Limacodidae — and it has been presumed that it eats the larva 
therein contained. All other Chrysids, so far as known, live at 
the expense of Hymenoptera (usnally, aS’ we have seen, actually 
consuming their bodies), and it is not impossible that C. sluiny- 
haiensis really lives on a Hymenopterous parasite in the cocoon 
of the Lepidopteron. 

JPdTTzojpcs cdTUBcc fre(]['uent8 the nosts of rostrcitc^*, a 

solitary wasp that has the unusual habit of bringing from time 
to time a supply of food to its young larva; for this purpose it’ 
has to open the nest in which its young is enclosed, and the 
Parnopes takes advantage of this habit by entering the cell and 
depositing there an egg which produces a laiwa that devours that 
of the Bembex. The species of the anomalous genus CUptes live, 
it is believed, at the expense of Tenthredinidae, and in all prob- 
ability oviposit in their cocoons which are placed in the earth. 

Series 3. Hymenoptera Aculoata* 

The females {'whether worhers or tnoe females) provided with a • 
sting: trochanters mtLally undivided (monMroehcm). ^ XfBwdly 
the antenme of the niales 'with thirteen, of the femaUs with % 
twelve^ joints (exceptions in ants rmmeromy 

These characters only define this series in a very unsatisfac- 
tory maimer, as no means of distinguishing the sting ” from the 
homologous structures found in Tubulifera, and in the Procto- 
trypid diTision of Hymenoptera Parasitica, have been pointed 
out. As the structure of the trochanters is subject to numerous 
exceptions, the classification at present existittg is an mhittmj 
one. It would probably be more satisfactory to separate the 
Proctotrypidae (or a oonsid^cable part thereolQ from the Para- 
sitica, and unite them with the Tubulifera and Aaileata in 
a great series, characterised by the fact tliat the ovipositor is 
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withdrawn into the' body in a direct manner so as to be entirely 
internal, whereas in tlie Parasitica it is not withdrawn in this 
mannei% but remains truly an external organ, though in numerous 
cases concealed by a process of torsion of the terminal seg- 
ments. If this were done it might be found possible to divide 
the great group thus formed into two divisions characterised by 
the fact that the ovipositor in one retains its function, the egg 



Fia. 2. — Diagram of upper sur- 
face of Priocnemis affmis 9, 
Pompilidae. o, ocelli ; 
pronottim ; mesonotiirn ; 
scutellurn of mesonotuni ; 
post-scutellum or middle 
part of metariotum ; propo- 
deum or median semieiit (see 
vol. V. p. 491) ; comting 
hairs, pecten, of front foot : C^, 
first segment of abdomen, hero 
not forming a pedicel or stalk : 
D^, coxa ; trochanter ; D®, 
femur ; calcaria or spurs 
of hind leg : 1 to 16, nerv- 
ures of wings, viz. .1, costal ; 
2, post -costal ; 3, irfediau ; 
4, posterior ; 5, stigma ; 

6, marginal ; 7, upper 

basal ; 8, lower "basal ; 9, 9, 
cubital ; 10, the three suh- 
marginal ; 11, first recurrent ; 
12, second recurrent ; 13, 
anterior of hind wing; 14, 
median 16, posterior : I to 
XI, the cells, viz. I, upper 
basal ; II, lower basal ; III, 
marginal ; IV, V, VI, first, 
second and third sub -mar- 
ginal ; VI r, fiyst discoidal ; 
VIII, third discoidal; IX, 
second discoidal ; X, first 
apical ; XI, second ajpican 


passing through it (Proctotrypidae and Tubulifera), while in the 
other the organ in question serves as a weapon of ofifenoe and 
defence, and does not act as a true ovipositor, the egg escaping 
at its base. It would, however, .be premature to adopt so revolu- 
tionary a course until the comparative anatomy of the organa 
concerned shall have received a much greater share of attention.^ 
We have dealt with the external anatomy of Hymenoptera in 
^ For new views on this subject see note on p. 602. 
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Vol. V. ; so that here it is only necessary to give a diagiuia l,o 
explain the terms used in the descriptions of the families and 
sub-families of Aeuleata, and to discuss briefly their characteristii-. 
structures. 

The Sting of the bee has been described in detail by Kraepelin, 
Sollmann, Carlet ^ and others. It is an extremely perfect me- 
chanical arrangement. The sting itself — r independent of the 
sheaths and adjuncts — consists of three elongate pieces, one of 
them a gouge-like director, the other two pointed and barbed 
needles ; the director is provided with a bead for eacli of the 
needles to run on, these latter having a corresponding groove ; 
the entrance to the groove is narrower than its subsequent 
diameter, so that the needles play up and down on the director 

with facility, but cannot be 
dragged away from it ; each 
needle is provided with an 
arm at the base to which* 
are attached the inuseleB for 
its movement- This simple 
manner of describing the 
mechanical arrangement' is, 
however, incomplete, inas- 
much as it includes no 
account of the means by 
which the poison is conveyed. 
This is done by a very com- 
plex set of modifications of 
all the parts ; firstly, the 
director is enlarged at the 
anterior part to form a 

Fig. s—stingofbee. . A, One of the needles chamber, through whicli the 
separated ; a, the barbed point ; ft, piston ; needles pky I the needlei SrO* 
c, arm. B, Transverse section of the , -ji i -it 

sting : dd, the two needles ; e, bead for provided With a pfO- 

needle moves, plays in tlm 
chamber of the director, and forces downwards any litjuid tliat 
may he therein; the poison-glands open into the chamber, and 
the projections on the needles, acting after the manner of a piston, 
carry the poison before them. The needles arii so armnged on 
^ Sci. Ndt. (7) ix. 1890, p. 1. 
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the director that they enclose between tlieinselves and it a space 
that forms the channel along which the poison flows, as it is 
carried forwards by the movement of tlie pistons attaclied to 
the needles. If the needles be thrust into an object quite as 
far as, or beyond, the point of the director much poison may be 
introduced into a wound, as the barbs are provided with small 
orifices placed one above the other, while if this be not the case 
much of the liquid will flow on the outside of the object. 

According to Carlet the poison of the bee is formed by the 
mixture of the secretions of two glands, one of whicli is acid and 
the other alkaline ; it is very deadly in its effects on other 
Insects. We shall see, however, that the Fossorial Hymenoptera, 
which catch and sting living prey for their young, frequently 
do not kill but only stupefy it, and Carlet states that in this group 
the alkaline gland is absent or atrophied, so that the poison con- 
sists only of the acid ; it is thus, he thinks, deprived of its lethal 
power. Moreover, in the Fossoria the needles are destitute of barbs, 
so that the sting does not remain in the wound. Bordas, however, 
states ^ that in all the numerous Hymenoptera he has examined, 
both acid and alkaline glands exist, but exhibit considerable differ- 
ences of form in the various groups. He gives no explanation 
of the variety of effects of the poison of different Aculeata. 

The larvae (for figure of larva of Bombu's, see Vol. V. p. 488) 
are, without known exception, legless grubs, of soft consistence, 
living entirely under cover, befing protected either in cells, or, 
in the case of. social Hymenoptera, in the abodes of the parents. 
The larvae of Ants and fossorial Hymenoptera have the anterior 
parts of the body long and narrow and abruptly flexed, so that 
their heads hang down in a helpless manner. All the larvae of 
Aculeates, so far as known, are remarkable from the fact that the 
posterior part of the alimentary canal does not connect with the 
stomach till the larval instar is more or less advanced ; hence the 
food amongst which they live cannot be sullied hy faecal mattet 
The pupa is invariably soft, and assumes gradually the colour 
of the perfect Insect. Almost nothing is known as to the 
intimate details of the metamorphosis, and very little as to the 
changes of external form. According to Packard a period inter- 
venes between the stadium of the full-grown larva and that of 
the pupa, in which a series of changes he speaks of as liemi-pupal 
7 I * O', Ac. ocvlll. p 8f 
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are passed through ; these^ however, liave not been lollovved out 
in. the case of any individual, and it is not possil)le to lorru any 
final idea about them, but it seems probable that tliey are largely 
changes of external shape, in conformity with the great changes 
going on in the internal organs. Owing to the fragmentary 
nature of observations, much obscurity and difference of opinion 
have existed as to the metamorphosis of Aculeate Hymenoptera. 
Sir S. Saunders gives the following statement as to the larva of 
a wasp of the genus Psiliglossa} just before it assumes the pupal 
form : The respective segments, which are very distinctly indi- 
cated, may be defined as follows : — The five anterior, including 
the head, are compactly welded together, and incapable of separate 
action in the pseudo-pupa state ; the third, fourth, and fifth 
bearing a spiracle on either side. The thoracical region termi- 
nating here, the two anterior segments are assignable to the 
development of the imago head, as pointed out by Katzeburg/' 
This inference is not, however, correct. We have seen that in 
the perfect Insect of Petiolate Hymenoptera the first abdominal 
segment is fixed to the thorax, and Saunders' statement is in- 
teresting as showing that this assignment of parts already exists 
in the larva, but it in no way proves that the head of tlie imago 
is formed from the thorax of the larva. It has been stated 
that the larvae of the Aculeata have a different number of seg- 
ments according to the sex, but this also is incorrect Tlie 
difference that exists in the perfect Insects in this respect is due 
to the withdrawal of the terminal three segments to the interior 
in the female, and of two only in the male. The krva consists 
of fourteen segments, and we find this number distributed in the 
female perfect Insect as follows : one constitutes the head, four 
segments the thorax and propodeum, followed by six external seg- 
ments of the restricted abdomen, and three for the internal structures 
of the abdomen. This agrees with Forel's statement that in the 
ants the sting is placed in a chamber formed by three segments. 

The development of the sting of the common bee has teen 
studied by Dewxtz.^ It takes place in the last larval stage. 
Although nothing of the organ is visible externally in the adult 
larva, yet if such a larva be placed in spirit, there can be seen 
within the skin certain small appendages on the ventral surface 
of the penultimate and antepenultimate abdominal sagmentB 

^ Tram, ent, Soc. London, 1873, p, 408. ^ Mtmhr, mm. ZooL xxv. 1875, p. 184. 
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(Fig. 4, A) placed* two on the one, four on the other ; tliese are the 
rudiments of the sting. In the course of development the 
terminal three segments are taken into the body, and the external 
pair of the appendages of the twelfth 
body segment (the ninth abdominal) 
become the sheaths of the sting, and 
the middle pair become the director ; 
the pair of appendages on the eleventh 
segment give rise to the needles or 
spiculae. The sting -rudiments at an 
earlier stage (Fig. 4, C) are masses of 
hypoderrnis connected with tracheae ; 
there is then but one pair on the 
twelfth segment, and this pair coalesce 
to form a single mass ; the rudiments 
of the pair that form the director are 
differentiated secondarily from the 
primary pair of these masses of hypo- 
dermis. A good deal of discussion 
has taken place as to whether the 
component parts of the sting — 
gonapophyses — are to be considered as 
modifications of abdominal extremities 
{i.e. abdominal legs such as exist in 
Myriapods). • Heymons is of opinion 
that this is not the case, but that the 
leg-rudiments and ^onapophysal rudi- 
ments are quite distinct.^ The origin 
of the sting of Hymenoptera (and of the ovipositor of parasitic 
Hymenoptera) is very similar to that of the ovipositor of LocuUa 
(VoL V. p. 316 of this work), but there is much difference in the 
history of the development of the rudiments. 

Dewitz has also traced the development of the thoracic 
appendages in Hymenoptera.^ Although no legs are visible in 
the adult larva, they really arise very early in the larval life from 
masses of hypoderrnis, and grow in the interior of the body, so 
that w'hen the larva is adult the legs exist in a segmented though 
rudimentary condition in the interior of the body. Dewitz's 
study of the wing-development is less complete. 

^ xsiv. 18^6, p. 191. wiss. Zml. xxx, 1878, p. 78. 



Fig. 4. — Development of sting of 
the bee : A and C, ventral ; B, 
side view. A, End of abdomen 
of adult larva : a, c, cf, the 
last four segments, c being the 
eleventh body segment, 11 ; 
h bearing two i)airs, and c one 
pair, of rudiments. B, Tip of 
abdomen of adult bee : 9, the 
ninth, the tenth body seg- 
ment. C, Rudiments in tiie 
early condition as seen ■within 
the body ; c, first pair ; 6, the 
second pair not yet divided into 
two pairs ; c\ commence- 
ment of external growths from 
the internal i)rojections. (After 
Dewitz.) 
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Four primary divisions of Aciileates are generally recogiiisiid, 
viz. Anthophila (Bees), Biploptera (Wasps), lossores (Solitary 
Wasps), Heterogyiia (Ants). Though apparently tliey are natural, 
it is impossible to define them by characters that are without 
some exceptions, especially in the case of the males. Ashmead 
has recently proposed^ to divide the Fossores ; thus making five 
divisions as follows : — 

Body with more or less of the hairs on it plumose . 1- Anthophila. 

Hairs of body not plumose. 

, Pronotum not reaching back to tegulae . . ^2, Entoinoi)hila 

[ = Fossores l>art] 

Pronotum reaching back to tegulae. 

Petiole (articulating segment of abdomen) simple without sealers or 
nodes. 

Front wings in repose with a fold making them narrow 

3. Diploptera. 

Front wings not folded . . .4. Fossores [part]. 

Petiole with a scale or node (an irregular elevation on the upper side) 

5. Ileterogyna. 

We shall here follow the usual method of treating all the 
fosso'rial wasps as forming a single group, uniting Ashmead's 
Entomophila and Fossores, as we think their separation is only 
valid for the purposes of a table ; the Pornpilidae placed by tlie 
American savant in Fossores being as much allied to Entorno- 
phila* as they are to the other Fossores with which Ashmead 
associates them. 

Division I. Anthophila or Apidae — ^Bees. 

/Some of the hairs of the tody plumose ; parts of the mouth elon- 
gated, sometimes to a great extent, so as to form a jmdruBihk 
apparatus, usually tubvlar with a very flexible tip. Ikmal 
joint of hind foot elongate. No wingless adult forms ; in 
some cases societies are formed, and then barren females cmIUuI 
workers exist in great numbers, and carry on the industrial 
operations of the community. Food always derived from the 
vegetable kingdom, or from other Bees. 

There are about 150 genera and 1600 specii*.B of bees at 
present known. Some call the division Mellifera instead of 
Anthophila. The term Apidae is used by some authorities to dt*.- 
note all the bees, while others limit this term to one of the iainilies 
^ Proc. mt. Soa. Washington, iii 1896, p. 334. 
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or sub-divisions. The bees are, as a rule, distinguished from 
other Hymenoptera by the hairs, by the great development of the 
mouth parts to form a proboscis (usually, but not correctly, called 
tongue), and by the modification of the hind-legs ; but these 
distinctive characters are in some of the species exhibited in so 
minor a degree of perfection that it is not easy to recognise these 
primitive forms as Anthophila. A few general remarks on the 
three points mentioned will enable j^he student to better appreciate 
the importance of certain points we shall subsequently deal with. 

The bees are, as a rule, much more covered with hair than 
any other of the Hymenoptera. Saunders ^ states that he has 
, examined the structure of the 
hairs in all the genera of British 
Aculeata, and that in none but 
the Anthophila do branched and 
plumose hairs occur. The func- 
tion of this kind of hairs is 
unknown; Saunders suggests^ that 
they may be instrumental in the 
gathering of pollen, but they 
occur in the parasitic bees as 
well as in the males, neither of 
which gather poUen. The variety 
of the positions they occupy on 
the body seems to offer but little 
support to the suggestion. Hot 
all the hairs of the bee's body 
are plumose, some are simple, 
as shown in Tig. 5, A, and this is 
specially the case with the hairs 
that are placed at the edges of 
the dilated plates for carrying 

pollen. In some forms there is an extensive system of simple 
hairs all over the body, and the "feathers” are distributed 
between these ; and we do not see any reason, for assuming that 
the feathered are superior to the simple hairs for gathering and 
carrying pollen. Some bees, e,g, Prosojois, Cemtina, have very 
little hair on the body, but nevertheless some plumose hairs 
are always present even though they he very short. 

^ Tram. mt. Soc. 1878, j>. 169. 



Fio. 5. — Hairs of Bees : A, simple hair 
from abdomen of Osmia ; B, spiral 
hair from abdomen of Megachile; C, 
plumose bair from thorax of Mega- 
chile; D, from thorax of Andrena 
dorsata; E, from thorax of JProsqpia, 
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The hind-legs of bees are very largely used in. the industrial 
occupations of these indefatigable creatures; one of their chief 
functions in the female being to act as receptacles for carrying 
pollen to the nest : they exhibit, however, considerable diversity. 
The parts most modified are the tibia and the first joint of the 
hind-foot. Pollen is carried by other parts of the body in many 
bees, and even the hind-leg itself is used in different ways for the 

j^rpose : sometimes the outer face 
of the tibia is highly polished and 
its margins suiTounded by hair, in 
which case .pollen plates are said to 
exist (Pig. 6, A) ; sometimes the first 
joint of the tarsus is analogous to 
the tibia both in structure and 
function ; in other cases the hind- 
legs are thick and densely covered 
with hair that retains the pollen 
between the separate hairs. In this 
case the pollen is carried home in a 
dry state, while, in the species with 
pollen plates, the pollen is made 
into a mass of a clay-like consist- 
ence.^ The legs also assist in arrang- 
ing the pollen on the other parts of 
the body. The males do not carry 

Fig. e.—A, Worker of the honey-hee poHen, and though their hind-legs 
with pollen plates i 

laden; B, basal portions of a are also highly modified, yet the 

<io not •g»e 

hairs and graius of. pollen ; C, one those of the female, and their func- 
hairbearing poUen-grains. 

are in all probability sexual. 
The parasitic bees also do not carry pollen, and exhibit another 
series of structures. The most interesting case in this series of 
modifications is that found in the genus A^is, where the hind-leg 
of male, female, and worker are all different (Fig. 25); the limb 
in the worker being highly modified for industrial purposes. 
This case has been frequently referred to, in consequence of the 
difficulty that exists in connection with its here^ty, for the 

^ TE© mod© of wettittg the pollen is not clear. Wolff says it is done by an exu- 
dation from the tibm ; H, MtilXer by admixture of nectar from tE© bee’s moutb. 
The latter view is more probably correct. 
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structure exists in neither of the parents. ' It is, in fact, a case 
of a very special adaptation appearing in the majority of tlie 
individuals of each generation, though nothing of the sort occurs 
in either parent. 

The proboscis of the bee ^ is a very complex organ, and in its 
extremely developed forms exhibits a complication of details and 
a delicacy of structure that elicit the admiration of all who study 
it. In the lower bees, however, especially in Prosojpis, it exists 
in a comparatively simple form (Fig. 9, B, C), that differs but little 
from what is seen in some Yespidae or Fossores. The upper lip 
and the mandibles do not take any part in the formation of the 
bee’s proboscis, which is consequently entirely made up from the 
lower lip and the maxillae, the former of these two organs ex- 
hibiting the greatest modifications. The proboscis is situate on 
the lower part of the head, and in repose is not visible ; a portion, 
and that by no means an inconsiderable, one, of its modifications 
being for the purpose of its withdrawal and protection wheu not 
in use. For this object the under side of the head is provided 
%ith a very deep groove, in which the whole organ is, in bees 
with a short proboscis, withdrawn ; in the Apiclae with a long j)ro- 
boscis this groove also exists, and the basal part of the proboscis 
is buried in it during repose, while the other parts of the elon- 
gate organ are doubled on the basal part, so that they extend 
backwards under the body, and the front end or tip of the tongue 
is, when in repose, its most posterior part. 

For the extrusion of the proboscis there exists a special 
apparatus that comes into play after the mandibles are unlocked 
and the labrum lifted. This extensive apparatus cannot be satis- 
factorily illustrated by a drawing, as the parts composing it are 
placed in different planes ; but it may be described by saying 
that the cardo, or basal hinge of the maxilla, changes from an 
oblique to^ a vertical position, and ijhrusts the base of the pro- 
boscis out of the groove. The maxillae form the outer sheath of the 
proboTOis, the lower lip its medial part (see Figs. 7 and 9) ; the 
base of the lower lip is attached to the submentum, which rises 
with the cardo so that labium and maxillae are lifted together ; 
the eo-operation of th^e two parts is effected by an angular piece 
allied the loram, in which the base of the submentum rests ; the 

^ In studying the proboscis tlie student will do well to take a Bmikm as an 
example ; its anatomy being more ea^y deeiptoed than that of the honey-bee. 
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submentum is articulated with the mentum in such a manner that 
the two can either be placed in planes at a right angle to one 
another, or can be brought into one continuous plane, and by this 
change of plane the basal part of the tongue can also be thrust 
forwards. There is considerable variety in the lengths of these 
parts in different genera, and the lorum varies in shape in accord- 
ance with the length of the submentum. The lorurri is a 
peculiar piece, and its mechanical adaptations are very remark- 
able; usually the base of the, submentum rests in tlu3 angle 
formed by the junction of the two sides of the lorum, but in Xylo- 
cojpa, where the submentum is unusually short, tliis part reposes 



Fiq. 7. — Side view of basal portions of proboscis of Bonhus. a, Epipbaryngcml sclerites ; 
(&, an*ow indicating the position of the entrance to pharynx, which is concealed by 
the epipharynx, c ; d, hypopharyngeal sclerites ; e, vacant space between the acales 
of the maxillae through which the nectar comes : /, lobe ; stipes; ffj cardo of 
maxilla : h, encephalic pillar on which the cardo swings ; i, angle of junction of lores 
and submentum lornra ; Jc, mentum ; b^e of labial palp ; w, maxillary palp. 

in a groove on the hack of the lorum, this latter having a very 
broad truncated apex instead of an angular one; in the condition 
of repose the apex of the lorum rests in a notch on the middle of 
the back of the oral groove, and in some of the forms with Elon- 
gate submentum, this depression is transformed into Bm deep hole, 
or even a sort of tunnel, so as to permit the cornphite stowing 
away of the base of the tongue, which would otherwise be pre- 
vented by the long submentum; another function of the lorum 
appears to be that, as it extends, its arms have an outward thrust, 
and so separate the maxillae from the labium. In addition to 
these parts there are also four elongate, slender sclerites that are 
only brought into view on dissection, and that no doubt assist in 
correlating the movements of the parts of the mouth and hypo- 
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pharynx ; one pair of these strap-like pieces extends backwards 
from the two sides of the base of the epipharynx ; Huxley called 
them sclerites of the oesophagus ; a better name would be 
epipharyngeal sclerites (Fig. 7, a): the other pair pass from the 
terminations of the epipharyngeal sclerites, along the front face of 
the hypopharynx, down to the mentum, their lower parts being 
concealed by the stipites of the maxillae ; these are the hypo- 
pharyngeal sclerites, and we believe it will prove that they play 
a highly important part in deglutition. When the labrum of a 
bee is raised and the proboscis depressed, the epipharynx is seen 
hanging like a curtain from the roof of the head ; this structure 
plays an important part in the act of deglutition. The entrance 
to the pharynx, or commencement of the alimentary canal, is 
placed below the base of the epipharynx. As we are not aware 
of any good delineations of the basal parts of the proboscis we 
give a figure thereof (Fig. 7). The maxillae in the higher bees 
are extremely modified so as to form a sheath, and their palpi 
are minute ; in the lower bees the palpi have the structure usual 
in mandibulate Insects. 

Returning to the consideration of the lower lip, we find that 
there is attached to the mentum a pair of elongate organs that 
extend forwards and form a tube or sheath, enclosed by the 
maxillary sheath we have previously mentioned ; these are the 
greatly modified labial palpi, 'their distal parts still retaining tlie 
palpar form ; and in the lower bees the labial palpi are, like the 
maxillary, of the form usual in mandibulate Insects. Between 
the labial palps and the central organ of the lip there is attached 
a pair of delicate organs, the paraglossae. 

There remains for consideration the most remarkable part of 
the proboscis, the long, delicate, hairy organ which the bee 
thrusts out from the tip of the shining tube* formed by the labial 
palps and the maxillae, described above, and which looks like 
a prolongation of the mentum. This organ is variously called 
ligula, lingua, or tongue.^ We prefer the first of these names. 

According to Breithaupt and Cheshire the structure of the 
ligula is highly remarkable ; it is a tube (filled with fluid from 
the body cavity), and with a groove underneath caused by a large 
part of the circumference of the tube bemg invaginated; the 

^ Louckart proposed the term fiiagnla ; but the word givas tm to the impreasion that 
it is a mistake for either lingua or Hgula# Packard calk part hypopharynx.'* 
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iavagiaated part can be thrust out by increase of the prcKsure of 

the liuid in the tube. A 
of the wall of the invaginaie part 
is thickened so as to form a chiti- 
nous rod. 

This description will sufHc'e for 
present pjuiposes, as the otliier parts 
of the mouth will be readilf re- 
cognised by the aid of figure. 9, A, 
B, C. In the exquisitely tnidovved 
South American geiiuH JUiujUmtt (Fig. 
18), the proboscis is somewhat longer 
than the whole of the body, bo that 
its tip in repose projects behind 
the body like a sting. 

The correct nomenclature of the 
parts connected with the lower lip 
is not definitely settled, lAuthorities 
not being agreed on sqyeral p)oiiita 

Fia. 8.-Trausye,^e .eotiou of ligula The whole of the pioboHciB ifi USlUlUy 
of honey-bee, diagraraatic. A, called the toilgllC ; this, llOWever, IB 
With tie long sac invaginate. B, i ..a:.*. 

evagioate; oHtino^ envelope admittedly au eiToiuious application 

wLtti the Wes of the hairs ; 6, of this term. Tho terminal deli- 
xod ; c, groove of rod ; d. luoien , . n m i *1 

dae in A to invagination of the Gate, elongate, ilexilile Ol'gail IS by 

10.1, in B to ite evagination ; *, toilgue : blit this 

nerve ; fr, tracliea. . . , t . 

again is wrong: trie lingua m 
Insects is the Itypapharynx; this part is developed in a peculiar 
manner in bees, but as it is not tangue-like in 8ha|)e, the term 
lingua is not suitable for it, and should be disinisged altogether 
from the nomenclature of the bee's trophi ; it is used at present 
in two different senses, both of which are erroneauB. We si« no 
objection to describing the fiexible apical portion of the probosdi 
as the liguLa. The lorum is probably a special part peculiar to 
the higher hees ; according to Saunders it is not preaaiit as a 
specialised part in some of the primitive forms.^ The application 
of the terms mentum, sabmeatum and hypglottis is open to the 
same doubts that exist with regard to them in so many other 

1 Eor figures and descriptiotts of tfie proboscides of British hees, refer to K. Batin- 
ders. Jour, lArm, Soc, xxiii. 1890, pp. 410-4S2, plates IIL-X. i and for detrik ef 
the minute structure and function to Ohcshirc, Mce-keepm(/f vol. i. 
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Insects, and we have omitted the term liypoglottls altogetlier, 
though some may think the mentuin entitled to tha,t mime. 

The way in which the proboscis of th-e bee acts lias Ijeen very 
largely discussed, with 
special reference to the 
question as to whether it is 
a sucking or a licking action. 

It is impossible to consider 
either of these terms as 
applicable. The foundation 
of the action is capillary 
attraction, by which, and by 
slight movements of increase 
and contraction of the 
capacity of various parts, the 
fluid travels to the cavity 
in front of the hypopharynx : 
here the scales of the 
maxillae leave a vacant 
space, (Fig. 7, e) so that a 
cup or cavity is formed, the 
fluid in which is within 
reach of the tip of tlie depen- 
dent epipharynx (e), which 
hangs down over the front 
of the hypopharynx (and is 
so shaped tliat its tip covers 
the cup) ; it is between 
these two parts that the 
fluid passes to reach the 
pharynx. It is no doubt 
to slight movements of the 
membranous parts of the 
hypopharynx and of the 
epipharynx that the further progress of the nectar is due, aided 
by contraction and expansion of the pharynx, induced by muscles 
attached to it. It should be recollected that in addition to the 
movements of the head ‘ itself the hypopharynx is constantly 
changing its dimensions slightly by the impulses of the fluid of 
the general body cavity ; also that the head changes its position, 
yon VI 0 



Fio. 9.-— A, Prol)OHcis of a “ long-tongiicur' bee, 
Anth^phora 2>Uipe8 ; B, lower, C, upper view 
of proboscis ‘ of an “ obtuse- toiigued ” bee, 
Pfvsoim puhmct7iH. a, Labnuu ; h, stipes ; 
c, palpiger ; st^ale : /, lobe ; g, palpus ; 

k, cardo, of maxilla ; % lorum ; fe, submeutum ; 

l, mentum ; m, labial palp ; % parnglosaa ; 
0 , Ugula ; Pf tip of ligula (with ** spoon " at tip 
and some of the hairs more magnified) ; f, 
hypopharyngeal sderites* 
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and that Um prolxtKtMS in dirci'tiMi (li.vviiwai-il.s as widl uh forwarda. 
Those who wish to puMic thiH sulijoct should rciV-r to tho works 
of Breithaupt ' and (‘hoKhin*. 

The other exha-nal chiinK’torH of the I’-cch call for little re- 
mark. Tho pronotuiu is never va-ry large or much prolonged in 
front, and its hind unglcH never n-pom^ on the tc-gnlac; ns they do 
in the wasps," hut oxUnid haekwanls Isdow the tegulae. The hind 
body is never narrowed at tlie Isiw into an edongafe jM-dicel, as it 
so frequently is in tho Wasps ami in tlu^ Fossom; and the pro- 
podemn (the jmsIiTior part of the thorax) is more jierjM'ndiciilar 
and rarely so largely ch'velojHsl i«* it is in the F<tsHom ; this last 
chanreter will as a rule |H!rinit a las! to te leeognised at a glance 
from the fossorial Hyinenopttsra. 

Bees, as every one kmtwH, frt*n«ent {lowers, and it is usually 
incorrectly said tiuit tlu‘y extniet lumey. Tht‘y itnilly giithcar 
nectar, swallow it, so that it g«H*s as far as the crop of their ali- 
mentary (anal, ejilled in Knglisli tin* honey-sja;, and is regurgi- 
tated as honey. Iksrtnuid shit«*K tliat tlu? neetiir when gathered 
is almost entindy pure saccharose, and that when regurgitated it 
is found to consist of dextrose and liwnlose : ® this (diiinge app(}ar8 
to be practi<!ally the eon version of eiine- into grajs'-su^r. A 
small quantity of the pwxlnets of the salivary glands is added, 
and this proliahly (‘ausos the eliangti allndtfd to ; so that hooey 
and nectar are hy no ttautits synonyrianw. According to Cheshire 
the glandular inHtU?r is added while the nwtar is Isjing sucked, 
and is passing over the niiilille }tfirts of the Unver lip, so that 
the nectar may Ur honey when Hwallowed hy the Ute. In 
addition to gathering imcter the female tes aie largely occupied 
in collecting polltfii, which, mixed witli honey, is to starve as 
food for the colony. Many, if not all, U«s eat isdlen while 
collecting it. The naale in which they mxnininlate the jiollen, 
and the mechanism of its «>uveyaiu.-e from Imir to hair till it 
reaeh« the jmrt of the Ixsly it must attain in order to Iw removed 
for packing in tlm (sells, is not fully understfssl, hut it appeiM 
to be agoomplisbed hy eoinplex correlative actions of various i«rt8 ; 
the head and the front lep acmteli up tho prdlen, the hsge move 
with gre&t rapidity, and tlie jsdien ultiinahdy reaches its desti- 
aation. Tl» workers of tlm genus JpU, and of some other social 

’ Bwithanpt, dnA. Naitirfff*. Hi. iW. 1, 18W, p. 47. 

• Bm mg. m,p>n. » M»11. Mm. Pan'*, i. 1895, ^ 81 
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bees, have the basal joint of the hind foot specially adapted to 
deal with pollen (Fig. 25, 2). We have already mentioned the 
modifications of the legs used for its conveyance, and need here 
only add that numerous bees — the Dasygastres — carry the pollen 
by aid of a special and dense clothing of hairs on the underside 
of the abdomen. 

The buzzing of bees (and other Insects) has been for long a 
subject of controversy : some having maintained that it is parti- 
ally or wholly due to the vibration of parts connected with the 
spiracles, while others have found its cause in the vibrations of 
the wings. According to the observations of Pdrez and Bellesme/ 
two distinct sounds are to be distinguished- One, a deep noise, 
is due to the vibration of the wings, and is produced whenever a 
certain rapidity is attained ; the other is an acute sound, and is 
said to be produced by the vibrations of the walls of the thorax, 
to which muscles are attached ; this sound is specially evident 
in Diptera and Hymenoptera, because the integument is of the 
right consistence for vibration. Both of these observers agree that 
the spiracles are not concerned in the matter. 

The young of bees are invariably reared in cells. These 
(except in the case of the parasitical bees) are constructed by 
the mothers, or by the transformed females called workers. 
The solitary bees store the cells with food, and close up each cell 
after having laid an egg in it, so that in these cases each larva 
consumes a special store previously provided for it. The social 
bees do not close the cells in which the larvae are placed, and 
the workers act as foster-mothers, feeding the young larvae after 
the same fashion as birds feed their nestling young. The food is 
a mixture of honey and pollen, the mixing being effected in various 
ways and proportions according to the species ; tlie honey seems 
to be particularly suitable to the digestive organs of the young 
Imrvae, and those bees that make closed cells, place on the outside 
of the mass of food a layer more thickly saturated with honey, 
and this layer the young grub consumes before attacking the 
drier parts of the provisions* The active life of the larva is 
quite short, but after the larva is full-grown it usually passes a 
more or less prolonged period in a state of quiescence tmfore 
assuming the pupal form. The pupa shows the limbs and other 
pajl^s of the perfect Insect in a very dislinct manner, and .the 
1 lico:vn* 1S7S, 1 ^. Sf $ . 1 ^ 
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has ascertained that a few of the very numerous Hawaiian species 
of the genus are really parasitic on their congeners : these parasites 
are destitute of a peculiar arrangement of hairs on the front 
legs of the female, the possession of which, by some of the non- 
parasitic forms, enables the bee to sweep the pollen towards its 
mouth. These observations show that the structural peculiarities 
of Frosojpis are correlative with the habits of forming a peculiar 
lining to the cell, and of gathering pollen by the mouth and 
conveying it by the alimentary canal instead of by external parts 
of the ■ body. Prosopis is a very widely distributed genus, and 
very numerous in species. We have ten in Britain ; several of 
them occur in the grounds of our Museum at Cambridge. 

The species of the genus OoUetes are hairy bees of moderate 
size, with a goodxlevelopment of hair on the middle and posterior 
femora for carrying pollen. They have a short, bilobed ligula 
like that of wasps, and therein differ from the Andrenae, which 
they much resemble. With Prosopis they form the group Obtusi- 
lingues of some taxonomists. They have a manner of nesting 
peculiar to themselves; they dig cylindrical burrows in the 
earth, line them with a sort of slime, that dries to a substance 
like gold-beater's skin, and then by partitions arrange the 
burrow as six to ten separate cells, each of which is filled 
with food that is more liquid than usual in bees. Except in 
.regard to the ligula and the nature of the cell-lining, Colletes has 
but little resemblance "to Prosopis; but the term Obtusilingues 
may be applied to Colletes if Prosopis be separated as Archiapidae. 
We have six species of Colletes in Britain. 

Sphecodes is a genus that has been the subject of prolonged 
difference of opinion. 'The species are rather small shining 
bees, with a red, or red and black, abdomen, almost with- 
out pollen-collecting apparatus, and with a short but pointed 
ligula. The^ characters led to the belief that the Insects are 
parasitic, or, as they axe sometimes called, cuokoo-beea But 
evidence could not be obtained of the fact, and as they were mm 
to make burrows it was decided that we have in Sphecodes 
examples of industrial bees extremely ill endowed for their work. 
Eecent ohservations tend, however, to prove Sphecodes are to 
a large extent parasitic at the expense of bees of the genera 
Mdlictus and Andrena, Breitenhach has taken S. rubicundus out 
of the brood^^lls of qmdricimtus ; and on one of the few 
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occasions on which this bee has been found in Britain it was in 
circumstances that left little doubt as to its being a parasite of 
Andrena nigroaenea. Marchal ^ has seen S, sulguadratus fight 
with Salictus onalachurus, 
and kill it previous to taking 
possession of its burrows ; 
and similar observations 
have been made by Ferton. 

As the older observations of 
Smith, Sichel, and Friese 
leave little doubt that 8;plie- 
codes are sometimes indus- 
trial bees, it is highly prob- 
able that we have in this 
genus the interesting con- 
dition of bees that are sometimes parasitic, at other times 
not; but so much obscurity still prevails as to the habits of 
Sphecodes that we should do well to delay accepting the theories 
that liave been already based on this stmnge state of matters.^ 
Friese states that in Sphecodes the first traces of collecting 
apparatus exist ; and, accepting the condition of afiairs as being 
that mentioned above, it is by no means clear whether we have 
in Sphecodes%^m that are abandoning the parasitic habit or com- 
mencing it; or, indeed, whether the condition of uncertainty 
may not be a permanent one. It is dijficult to decide as to 
what forms arjs species in Sphecodes owing to the great variation. 
The Hymenopterist Forster considered that 600 specimens sub- 
mitted to him by Sichel represented no less than 140 species, 
though Sichel was convinced that nearly the whole of them 
were one species, S, gihbus. It has recently been found that the 
male sexual organs afford a satisfactory criterion. The position 
of Sphecodes in classification is doubtfuL 

The great majority of the species of short-tongued bees found in 
Britain belong to the genera An&rena and Salictus, and with some 
others constitute the Andebnides of many writers. Salictus 
includes our smallest British bees. Their economy escaped the 
»rlier observers, but has recently been to some extent unravelled 
by Smitk, Fabre, Mcolas, Verhoeff, and others, and proves to be 


^ Mull* ml* Wtmm, 1894, p. cxv. 

® ICiucifeil, 'Mm* ISth 1890, and Fertoii, ^. 0 . 19tli AprxL 
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of great interest and variety. Fabre observed H. lineolatus and 
H. sexcinctus ^ under circumstances that enabled him to give them 
continuous attention, whenever requisite, throughout a whole year. 
These bees are to a certain extent social ; they are gregarious ; each 
bee works for its own progeny, but there is collaboration between 
members of a colony, inasmuch as a piece of general work is 
undertaken from which more families than one derive benefit. 
This common work is a gallery, that, ramifying in the earth, 
gives access to various groups of cells, each group the production 
of a single Halictus ; in this way one entrance and* one corridor 
serve for several distinct dwellings. The worR of excavation is 
carried on at night. The cells are oval, and are covered on the 
interior with a delicate waterproof varnish ; Fabre considers this 
to be a product of the salivary glands, like the membrane we 
noticed when speaking of Oolletes. In the south of France both 
sexes of these species are produced from the nests in September^ 
and then the males are much more numerous than the females ; 
when the cold weather sets in the males die, but the females 
continue to live on in the cells underground. In the following 
spring the females come out and recommence working at the 
burrows, and also provision the cells for the young ; the new 
generation, consisting entirely of females, appears in July, and 
from these there proceeds a parthenogenetic generation, which 
assumes the perfect form in September, and consists, as we have 
above remarked, in greater part of males. P^rez,^ however, 
considers that Fabre’s observations as to the parthenogenetic 
generation were incomplete, and that males might have been 
found a little earlier, and he consequently rejects altogether 
the occurrence of parthenogenesis in Salictm, Nicolas con- 
firms Fabre's observations, so far , as the interesting point of the 
work done for common benefit is concerned; and adds that the 
common corridor being too narrow to permit of two bees passing, 
there is a dilatation or vestibule near the entrance that facilitates 
passage, and also that a sentinel is. stationed at this point.. 

Smith's observations on Salictm morio in England lead one 
to infer that there is but one generation, the appearance of which 
extends over a very long pericKl He says, Early in April the 
females appeared, and continued in numbers up to the end of 

^ CM. Ac. JParis, Ixxxix. 1879, p..l079, md Am. Sci. Mat. (6), ix. 1879, No. 4. 

® Act. Soe. Bordeaux^ xlviii, 1895, x). 145. 
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June ’’ ; then there was an interval, and in the middle of August 
males began to appear, followed in ten 
or twelve days by females. Hence it is 
probable that in different countries the 
times of appearance and the number of 
generations of the same species may vary. 

Verhoeff has described the burrows of 
Salictus quadricinctus with some detail 
The cells, instead of being distributed 
as usual throughout the length of the 
burrow one by one, are accumulated z*- 

into a mass placed in a vault communi- 
cating with the- shaft. This shaft is 
continued downwards to a depth of 10 
cm., and forms a retreat for the bees 
when engaged in construction. Several 
advantages are secured by this method, 
especially better ventilation, and pro- 
tection from any water that may enter Pio. 12 . —Nesting of itaiutm 
the shaft. . The larvae that are present wn'h 

in the brood-chambers at any one thereto; % retreat gr con- 

moment differ much m their ages, a the vaults ; s, the aecumuia- 
fact that throws some doubt on the 7®^ 

. . , - . , . hoeiT, Fern. V&r. liheml. xmii. 

supposed parthenogenetic generation. i89i; scale not mentioned.) 
No cocoons are formed by these Halictm, 

the polished interior of the cell being a sufficiently refined resting 
place for metamorphosis. Verhoeff states that many of the 
larvae are destroyed by mouldiness ; this indeed, he considers to 
be the most deadly of the enemies of Aculeate Hymenoptera. 
The nest of Malictm maculatus has also been briefly described 
by Verhoeff, and is a very poor construction in comparison with 
that of H. quadricincius. 

The genus Andrena includes a great number of species, 
Britain possessing about fifty. They may be described in a 
general manner as Insects much resembling the honey-bee— 
for which^ indeed, they are frequently mistaken— but usually a 
little smaller in size. Many of the bees we see m spring, in 
March or April, are of this genus. They live in burrows in the 
ground, preferring sandy places, but frequently selecting a gravel 
path m the locality for thrir operations ; they nearly always live 
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in colonies. Great difficulties attend their study on account of 
several points in their economy, such as, that the sexes are 
different, and fre(][uently not found togethei , also that there may 
be two generations of a species in one year, these being more or 
less different from one another. Another considerable difficulty 
arises from the fact that these bees are subject to the attacks of 
the parasite Stylo:ps, by which their form is more or less altered. 
These Insects feed in the body of the bee in such a way as to 
affect its nutrition without destroying its life ; hence they offer a 
means of making experiments that may throw valuable light on 
obscure physiological questions. Among the effects they i)roduee 
in the condition of the imago bee we may mention the enfeeble- 
ment of the sexual distinction, so that a stylopised male bee 
becomes less different than it usually is from the female, and a 
stylopised female may be ill developed and less different than 
usual from the male. The colours and hair are sometimes altered, 


and distortion of portions of the abdominal region of the bee are 
very common. Further particulars as to these parasites will be 
found at the end of our account of Coleoptera (p. 298). We may 
here remark that these Stylojos are not the only parasitic Insects 
that live in the bodies of Andrenidae without killing their hosts, 
or even interrupting their metamorphoses. Mr. li. C. L. Perkins 
recently captured a specimen of SalictuB 
from which he, judging from the 
appearance of the example, anticipated that 
a Stylops would emerge ; but instead of this 
a Dipterous Insect of the family Chloropidae 
appeared Dufour in 1 8 3 7 called attention 
to a remarkable relation existing between 
Andrena ai^ernmaand a parasitic Dipterous 
larva. The larva takes up a position in 
the interior of the bee's body so as to be 
partly included in one of the great tracheal 
Fia 13 .— Parasitic Dipterous vesicles at the base of the abdomen ; and 
Sed maintains the parasite in its 

dr&m co&rvnm, (After position, and at the same time stmolies it 

Dufour.) *1.1. • 1 . . . , 

With air by causing two tmeheae to grow 
into its body. Dufour states that he demonstrated the continuity 
of the tracheae of the two organisms, but it is by no means clear 
that the continuity was initially due to the bee's organisation. 
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Dasypoda hirtipes appears to be the most highly endowed of 
the European Andrenides. The 
Insects of the genus Dasypoda 
are very like Andrma, but 
have only two in place of three 
submarginal cells (just beneath 
the stigma) on the front wing. 

The female of D, hirtipes has a 
very dense and elongate pubes- 
cence on the posterior legs, and 

carries loads of pollen, each about ^ ^ ^ . 

. ... Fig. 14. — D. hirtijpes 9 . Britain, 

half its own weight, to its nest. 

The habits of this insect have been described by Hermann 
Muller.^ It forms burrows in the ground after the fashion of 
Andrena; this task is accomplished by excavating with the 
mandibles ; when it has detached a certain quantity of the earth 
it brings this to the surface by moving backwards, and then dis- 
tributes the loose soil over a considerable area. It accomplishes 
this in a most beautiful manner by means of the combined action 
of all the legs, each pair of these limbs performing its share of 
the function in a different manner ; the front legs acting with 
great rapidity — making four movements in a second — push the 
sand backwards under the body, the bee moving itself at the 
same time in this direction by means of the middle pair of legs; 
simultaneously, but with a much slower movement, the hind legs 
are stretched and moved outwards, in oar-like fashion, from the 
body, and thus sweep away the earth and distribute it towards 
each side. This being done the bee returns quickly into the hole, 
excavates some more earth, brings it up and distributes it. Each 
operation of excavation takes. a minute or two, the distribution 
on the surface only about fifteen seconds. The burrow extends 
to the length of one or two feet, so that a considerable amount of 
earth has to be brought up ; and when the Insect has covered one 
part of the circumference of the mouth of the hole with loose 
earth; it makes another patch, or walk, by the side of the first. 
The main burrow being completed, the Insect then commences 
the formation of brood-chambers in connection with it. Three to 
six such chambers are formed in connection with a burrow ; the 
lower ome is first made and is provisioned by the bee : for this 
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purpose five or six loads of pollen are brought to tho cell, each 
load being, as we have already remarked, about h(ilt the weight 
of the Insect. This material is then formed into a ball and made 
damp with honey ; then another load of pollen is brought, ^ is 
mixed with honey and added as an outer layer to the ball, which 
is now remodelled and provided on one side with three short feet, 
after which an egg is placed on the top of the mass , tlie bee 
then sets to work to make a second chamber, and uses the 
material resulting from the excavation of this to close completely 
the first chamber. The other chambers are 8ubse(|uently formed 
in a similar manner, and then the burrow itself is filled up. 
While engaged in ascertaining these facts, Muller also made 
some observations on the way the bee acts when disturbed 
in its operations, and his observations on this point show 
a very similar instinct to that displayed by Oluilwodojno,, 
referred to on a subsequent page. If interrupted while storing a 
chamber the Insect will not attempt to make a fresh one, but 
will carry its stock of provisions to the nest of some other 
individual. The result of this proceeding is a struggle between 
the two bees, from which it is satisfactory to learn that the 
rightful proprietor always comes out, victorious. The egg placed 
on the pollen-ball in the chamber hatches in a few days, giving 
birth to a delicate white larva of curved form. This creature 
embraces the pollen-ball so far as its small size will enable it to 
do so, and eats the food layer by layer so as to preserve its 
circular form. The larva when hatched has no anal orifice 
and voids no excrement, so that its food is not polluted ; a 
proper moulting apparently does not take place, for though a 
new delicate skin may be found beneath the old one this latter is 
not definitely cast off. When the food, which was at first 100 
to 140 times larger than the egg or young larva, is all consumed 
the creature then for the first time voids its refuse. During 
its growth the larva becomes red and increases in weight from *0025 
grains to *26 or *35 grains, but during the subsequent period of 
excretion it diminishes to *09 or *15 grains, and in the course of 
doing so becomes a grub without power of movement, and of a 
white instead of a red colour. After this the larva reposes 
motionless for many months— in fact, until the next summer, wlien 
it throws off the larval skin and appears as a pupa. The larval 
skin thus cast off contrasts greatly with the previous delicate condi- 
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tion ,of the integument, for this last exij.viiim is thick and rigid. 
Although it voids no excrement till much later the union of the 
stomach and hind-intestine is accomplished when the larva is 
half-grown. A larva, from which Muller took away a portion of 
its unconsumed food -store, began directly afterwards to emit 
excrement. The pupa has greater power of movement than 
the resting larva; when it has completed its metamorphosis 
and become a perfect Insect, it, if it be a female, commences 
almost immediately after its emergence to form burrows by the 
complex and perfect series of actions we have described. 

Parasitic Bees (Denudatae). — This group of parasitic bees 
includes fourteen European genera, of which six are British. 
They form a group taxonomically most unsatisfactory, the 
members having little in common except the negative characters 
of the absence of pollen-carrying apparatus. Although there 
is a great dearth of information as to the life -histories of 
parasitic bees, yet some highly interesting facts and generalisa- 
tions about their relations with their hosts have already been 
obtained. Verhoeflf has recently given the following account of 
the relations between the parasitic be? Stelis minuta and its 
host Osmia leucomelana : — The Osmict forms cells in blackberry 
stems, provisions them in the usual manner, and deposits an 
egg in each. But .the Stelis lays an egg in the store of pro- 
visions before the Osmia does, and thus its egg is placed lower 
down in the mass of food than that of the legitimate owner, 
which is in fact, at the top. The Stelis !larva emerges from the 
egg somewhat earlier than the Osmia larva does. For a con- 
siderable time the two larvae so disclosed consume together the 
stock of provisions, the Osmia at the upper, the Stelis at the lower, 
end thereof. By the consumption of the provisions the two larvae 
are brought into proximity, and by this time the Stelis larva, being 
about twice the size of the Osmia larva, kills and eats it. Verhoen 
witnessed the straggle between the two larvae, and states further 
that the operation of eating the Osmia larva after it has been 
killed lasts one or two days, He adds that parasitic larvae are 
less numerous than the host larvae,, it being weE known that 
parasitic bees produce fewer oifspring than host bees. Verhoeff 
further states that he has observed similar relations to obtain 
between the larvae of other parasitic bees and their hosts, but warns 
us against concluding that the facts are analogous in all cases. * 

Ni8'2 
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Fabre has made as acquainted with some points in the history of 
another species of the same genus, viz. Stelis nasuta^ that show a 
decided departure from the habits of S, minuta. The first-named 
Insect accomplishes the very difficult task of breaking open the cells 
of the mason-bee, Chalicocloma mumria, after they have been sealed 
up, and then, being an Insect of much smaller size than the Ohali- 
codoma, places several eggs in one cell of that bee. Friese informs 
us that parasitic bees and their hosts, in a great number of cases, 
not only have in the perfect state the tongue similarly formed, 

but also frequent the same species 
of flower ; thus Colletes daviesanus 
and its parasite Ujpeolus variegatus 
both specially affect the flowers of 
Tanacetum vulgare. Some of the 
parasitic bees have a great resem- 
blance to their hosts ; Stelis signata, 
for instance, is said to be so like 
Anthidium strigatum that for many 
Fio. 15.— jsromada sex^fasdata ?. years it was Considered to be a 
^ species of the genus Anthidium. 
In, other cases not the least resemblance exists between the 
parasites and hosts. Thus the species of Nomada that , live at 
the expense of species of the genus Andrenou have no resemblance 
thereto. Friese further tells us that the Andrena and Nomada 
are on the most .friendly terms. Andrena, as is well known, 
forms populous colonies in banks, paths, etc., and in these colonies 
the destroying Nomada flies about unmolested ; indeed, according 
to Friese, it is treated as a welcome guest. He says he has often 
seen, and in several localities, Nomada latKburiana and Andrena 
ovina flying peacefully together. The Nomada would enter a 
burrow, and if it found the Andrena therein, would come out and 
try another burrow ; if when a marauding Nomada was in a 
burrow, and the rightful owner, returning laden with pollen, 
found on entering its home that an uninvited guest was therein, 
the Andrena would go out in order to permit the exit of the 
Nomada, and then would again enter and add the pollen to the 
store. Strange as this may seem at first mght, it is really ndt 
so, for, as we have before had occasion to observe, there is not the 
slightest reason for believing that host Insects have any idea 
whatever that the parasites or inquilines are injurious to their 
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race. Why then should they attack the creatures ? Provided the 
'parasites do not interfere in any unmannerly way with the hosts 
and their work, there is no reason why the latter should resent 
their presence. The wild bee that seals up its cell when it has 
laid an egg therein, and then leaves it for ever, has no conception 
of the form of its progeny ; never in the history of the race of the 
Andrena has a larva seen a perfect insect and survived thereafter, 
never has a perfect Insect seen a larva. There is no reason what- 
ever for believing that these Insects have the least conception of 
their own metamorphosis, and how then should they have any 
idea of the metamorphosis of the parasite ? If the Andrena found 
in the pollen the egg of a parasitic Nomada, it could of course 
easily remove the egg; but the Andrena has no conception 
that the presence of the egg ensures the death of its own 
offspring and though the egg he that of an enemy to its race, 
why should it resent the fact ? Is it not clear that the race has 
always maintained itself notwithstanding the enemy ? Nature has 
brought about that both host and parasite should successfully 
co-exist ; and each individual of each species lives, not for itself, 
but for the continuance of the species ; that continuance is pro- 
vided for by the relative fecundities of host and guest. Why . 
then should the Andrena feel 
alarm ? ^ If the species of Nomada 
attack the species of Andrena too 
much it brings about the de- 
struction of its own species 
more certainly than that of the 
Andrena, 

Such extremely friendly rela- 
tions do not, however, exist be- 
tween all the parasitic bees and ,^7 . , . 7. • 

their hosts. Friese says that, so 

far as he has been able to observe, the relations between the two 
are not in general friendly. He states that marauders of the 
genera Mehcta and Ooelioxys seek to get out of the way when 
they see the pollen-laden host coming home. But he does not 
appear to have noted any other evidence of mistrust between the 
two, and it is somewhat doubtful whether this act can properly 
be interpreted as indicating fear, for bees, as well as other 
animals, when engaged in. work find it annoying to be interfered 
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with ; it is the interest of the parasitQ to avoid annoyance and to 
be well-mannered in its approaches. Shuckard, however, says that 
battles ensue between the parasite Melecta and its host Antho'phora^ 
when the two bees meet in the burrows of the Anthopliora} 

We shall have occasion to remark on some of the habits of 
Dioxys cincta when considering the history of the mason -bee 
{Ghalicodoma), but one very curious point in its economy must 
here be noticed. The Dioxys, which is a much smaller bee than 
the Ohalicodoma, lays an egg in a cell of the latter, and the 
resulting larva frequently has more food in the cell than it can 
consume ; there is, however, another bee, Osmia cyanoxantha, that 
frequently takes advantage of an unoccupied cell in the nest 
of the Ghalicodoma, and establishes its own offspring therein. 
The Dioxys, it seems, cannot, or at any rate does not, distinguish 
whether a cell is occupied by Ghalicodoma or by Osmia, and some- 
times lays its egg in the nest of the Osmia, though this bee is 
small, and therefore provides very little food for its young. It 
might be supposed that under these cpnditions the Dioxys larva 
would be starved to death ; but this is not so ; it has the power 
of accommodating its appetite, or its capacity for metamorphosis, 
to the quantity of food it finds at its disposal, and the egg laid in 
the Osmia cell actually produces a tiny specimen of Dioxys, only 
about half the natural size. Both sexes of these dwarf Dioxys are 
produced, offering another example of the fact that the quantity 
of food ingested during the lifetime of the larva does not influ- 
ence the sex of the resulting imago. 

The highly endowed bees that remain to be considered are 
by some writers united in a group called Apidae, in distinction 
from Andrenidae. For the purposes of this work we shall adopt 
three divisions, Scopuljpedes, Dasygastres, Sociales. 

The group Scopulipedes includes such long-tongued, solitary 
bees as are not parasitic, and do not belong to the Dasygastres. 
It is not, however, a natural group, for the carpenter-bees 
(Xylocopa) are very different from Anthophora. It has 
recently been merged by Friese with Andrenides into a single 
group called Podilegidae. Four British genera, GsTatiim, Antho- 
phora, JEueera and Saropoda (including, however, only seven 

^ It is impossible for us here to deal with the questiou of the origin of the para- 
sitic habit in bees. The reader wishing for information as to this may refer to 
Prof. Pirez's paper, Aet, Soc, JSordeaug^, xlvii 1895.- p» SOO. 



I 


SCOPULIPEDES CARPENTER-BEES 


33 


species), are referred to the Scopiilipedes ; in some forms a con- 
siderable resemblance to the Bombi is exhibited, indeed the 
female of one of our species of Antkojphora is so very like the 
worker of Bomlms hortorum var. liarriselluSy that it would puzzle 
any one to distinguish them by a superficial inspection, the 
colour of the hair on the hind legs being the only obvious differ- 
ence. Aiithojphora is one of the most extensive and widely 
distributed of the genera of bees. Some of the species make 
burrows in cliffs and form large colonies which are continued for 
many years in the same locality. Triese has published many 
details of the industiy and metamorphoses of some of tlie species 
of this genus ; the most remarkable point he has discovered being 
that A. jpersonata at Strasburg takes two years to accomplish the 
life-cycle of one generation. Some of the European species of the 
genus have been found to be very subject to the attacks of para- 
sites. An anomalous beetle, Sitaris, has been found in the nests 
of A. pilipes ; and this same Anthophora is also parasitised by 
another beetle, Meloe, as well as by a bee of the genus Melecta. 

The genus JCylocopa ^ contains many of the largest ' and most 
powerful of the bees, and is very widely distributed over the 
earth. In Europe only four or five species have been found, and 
none of them extend far northwards, X violacea being the only 
one that comes so far as Paris. They are usually black or blue- 
black in colour, of broad, robust build, with shining integuments 
more or less covered with hair. X molaeea is known as the 
carpenter-bee from its habit of working in dry wood ; it does not 
touch living timber, but will form its liest in all "feorts of dried 
wood. It makes a cylindrical hole, and this gives access to three 
or four parallel galleries in which the broad cells are placed ; the 
cells are always isolated by a partition ; the bee forms this by 
cementing together with the products of its salivary glands the 
fragments of wood it cuts out. Its habits have been described 
at length by E^aumur, who alludes to it under the name of 
abeilLe perce-bois.'' This bee hibernates in the imago condition, 
both sexes reappearing in the spring. Possibly there is more than 
one generation in the year, as E^aumur states that specimens 
that were tiny larvae on the 12th of June had by the 2iid of July 
consumed all their stock of provisions; they then fasted for a few 
days, and on the 7th or 8fch of July became pupae, and in the first 

^ Refer to p. 70 Btofe, ^ to a reeeat disco vs^ry aboiit 
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clays of August were ready to emerge as perfect Insects. I'liiis 
the whole cycle of metamorpho.ses is passed through in ahoiit 
eight weeks. This species, though very clever in drilling holes, 
does not hesitate to appropriate old burrows should they l>c‘ at 
hand Fahre observed that it was also quite willing to^ saca; 
itself laboui- by forming its cells in hollow reeds of .suflicicut 
calibre. We have figured the larva and pupa ot this species in 
the previous volume (p. 170). 

Xylocopa Moroptera in E. India selects a. hollow bajn})<M> lor 
its nidus; it cements together the pieces obtained in {,‘I<‘aring 



Fig. 17, — Xylocopa {Koptorthosoina\ sp. wqqx flavo^iUjrescans, S.araw/ik. 

out the bamboo, and uses them as horizontal partitions to Bi^pjirati* 
the tube into cells. The species is much infested with u small 
Chalcid of thh genus Encyrtus: 300 specimens of the ])arasit(‘ 
have been reared from a single larva of the bee; two-thirds of 
the larvae of this bee that Horne endeavoured to rear were, 
destroyed by the little Chalcid. 

. The most beautiful and remarkable of all tlie heuis ar(i 
the species of Euglossa, This genus is peculiar to Tropic'al 
America, and derives its name from the great length of thc^ 
proboscis, which in some species surpasses that of the body. I’lui 
colours in Euglossa proper are violet, purple, golden, and nietallic*. 
green, and two of these are frequently combined in the most liar- 
monious manner ; the hind tibia is greatly developed and forms 
a plate, the outer surface of which is highly polishc^d, while the 
margins are furnished with rigid hairs. Very little is known as 
to the habits of these bees ; they were formerly supposed to be 
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social ; but this is doiil)tful, Eates liaving recorded tliat E. sur~ 
inamensis foriris a “solitary nest/' Lucas concluded tliat i/. 
cordata is social, on the authority of a nest coiitaiiiing “ a 
dozen individuals/' ISTo workers 
are known. The species of 
Euleyriia liave a shorter tongue 
than Eufflossa, and in form 
and colour a good deal re- 
seinlile our species of JJomJrus 
and A])at]i'iis. 

Tire group Dasyoastkes in- 
cludes seven European genera, 
four being British {Ghelostoma 
being included in Heriades). 

The ventral surface of the hind 
body is densely set in the 
females with regularly arranged 
hairs, by means of which the 
pollen is carried. In many of 
the Dasygastres {Megcwhile, 
e.g.) the labrmn is very large, 
and in repose is inflected on 
to the lower side of tlie head, 
and closely applied to the 
doubled- in tongue, which it 
serves to jirotect ; the man- 
dibles then lock together out- 
side the labrum, which is thus completely concealed. This group 
includes some of the most interesting of the solitary bees. 

The genus Cludicodorna is not found in our own country, but 
in the South of France there exist three or four species. Their 
habits liave given rise to much discussion, having been described 
by various naturalists, among whom are included Keaumiir and 
Fab re. These Insects are called mason-bees, and construct nests of 
very solid masonry. C. 'm/iimria is in appearance somewhat inter- 
mediate between a honey-bee and a Bomhus ; it is densely hairy, 
and the sexes are very different in colour. It is solitary in its 
habits, and usually chooses a large stone as a solid basis for its 
liabitation. On this a cell is formed, the material used being 
a kind of cement made by the Insect from the xnixture of a 



Fkj. JHiir/losm cordaf.a, c?. Aniazoiis. 

A, The lii.sect witli extiiiided prol)osciH ; 

B, outur IVwe of hind tibia and tarsus. 
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suitable sort of earth with the material secreted by its own 
salivary glands; the amount of cement used is reduced by tlie 
artifice of building small stones into the walls ot the cell ; ^ tlie 
stones are selected with great care. 'Wlien a cell about an iiudi 

in depth has been formed in 
this manner, the bee conimences 
to fill it with food, consisting 
of honey and pollen ; a little 
honey is brought and is dis- 
charged into tlie cell, then some 
pollen is added. This bee, like 
other Dasygastres, carries tlie 
pollen by means of hairs on 
the under surface of the liody ; 
to place this pollen in the cell 
the Insect therefore enters liacdc- 
wards, and then witli tlie pair 
of hind legs brushes and scrap(.*s 
the under surface of the liody 
so as to make the pollen fall off 
into the cell ; it then starts for 
a fresh cargo ; a-fter a few loads 
have been placed in the re(!{3])- 
tacle, the Insect mixes the honey and pollen into a paste 
with the mandibles, and again continues its foraging until it 
has about half filled the cell; then an egg is laid, and the 
apartment is at once closed with cement. Tliis work is all 
accomplished, if the weather be favourable, in al)Oiit two da-ys, 
after which the Insect commences the formation of a second 
cell, joined to the first, and so on till eight or nine of these 
.receptacles have been constructed; tlien conies the final operation 
of adding an additional protection in the shape of a thick layer of 
mortar placed over the whole ; the construction, when thus com- 
pleted, forms a sort of dome of cement about the size of half an 
orange. In this receptacle the larvae pass many months, exposed 
to the extreme heat of summer as well as to the cold of winter. 
The larvae, however, are exposed to numerous other pei*ils ; and we 
have already related (vol. v, p. 540) how Leucosjns (jigws succeeds 
ill perforating the masonry and depositing therein an egg, so that 
a Leucos;pi$ is reared in the cell instead of a Ohalicodorna. 



^ B 

Fig. 19 . — Chalicodoma mumria. Greece. 
A, Male ; B, female. 
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This Insect lius been the object of some of *]. TL Fa,])re’s 
most instructive studies on instiiictd Altliougli it is impossible 
for us liere to consider in a thoroiigdi manner tlie various points 
he has discussed, yet some of them are of such interest and im- 
portance as to demand something more than a, passing allusion. 

We liave mentioned that the nest of CJmlicodovia is roofed 
witli a layer of solid cement in addition to the first covering 
witli which tlie ])ee seals up each cell. Wlieu the metamorphoses 
of the imprisoned larva have been passed tlirough, and the moment 
for its emergence as a perfect Insect has arrived, the prisoiuu’ Inis 
to make its way through tlie solid wall by which it is encom- 
passed. Usually it finds no difficulty in accomplishing the task 
of breaking through the roof, so that the powers of its mandibles 
must be very great. Eeaumur has, however, recorded tluit a nest 
of this mason-bee was placed under a glass funnel, the orifice of 
which wris covered with gauze, and that the Insects when they 
emerged from the nest were unalile to make their way through 
the gauze, and consequently perished under tlie glass cover ; and 
he concluded that such insects are only able to accomplish the 
tasks that naturally fall to their lot. By some fresli exiierimeiits 
Ealire, however, has put the facts in a different light. He 
remarks tliat when the Insects have, in the ordinary course of 
emergence, perforated the walls of their dark prison, tliey find 
themselves in the daylight, and at liberty to walk away ; when 
they have made their escape from a nest placed under a, glass 
cover, tliey, having no knowledge of glass, find themselves in 
daylight and imprisoned by the glass, which, to their inexperience, 
does not appear to he an obstacle, and they therefore, he thought, 
miglit perliaps exhaust themselves in vain efforts to ])ass through 
this invisible obstacle. He thei^efore took some cocoons contain- 
ing pupae from a nest, placed each one of them in a tulie of reed, 
and stopped the ends of the reeds with various substances, in 
one case earth, in another jiith, in a third hi'own paper ; the 
reeds were tlieii so arranged that the Insects in them were in a 
natural position ; in due course all the Insects emerged, none of 
them apparently having found the novel nature of the olistacle a 
serious impediment. Some complete nests were tlien taken with 
their inmates, and to the exterior of one of them a slieet of 
opaque paper was closely fastened, while to another the same 
Souvenirs entomolofjiques. 4 vols. Paris, 1879 to 1891. 
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sort of paper wa,s a])])lio(l in th(‘ ionn ul a, donie, Iriivine; fhu.^ a 
considerable space between tin*, true (‘oveu* of tli(‘ iH‘st aii'l lie* 
covering of pa.per. .From tli(‘. first la^st tlu^ Insi'cls made {heir 
escape in the usual manner, thus again proving f-hat paper ean 
be easily pierced ])y them. Ki'oni tlu^ sia'ond nest, they al o 
liberated themselves, l)ut failed to ma,k(‘. tiadr way <{nt. fhrmigli 
the dome of paper, and perished 1)enea.th it; tliirs showingthal 
paper added to the natural wall caustal .th(*m no diflh'ulty, lait 
that paper separated therefrom ]>y a spurts was an insuperalde 
obstacle. Professor Perez lias ])oiut(ul out that this is no doubt 
due to the large S])ac(‘. offered to tlui he(% whi<di ('onse<|Uru( !y 
moves about, and do(;s not cou(.*-( nitrate its efforts on a single 
spot, as it of cours(‘. is eompelhul to do wh»m eonfined in its 
natural cell. 

The power of the mason-be(^ to lind its n(*st; again when 
removed to a distance from it is another ]Joint that was t.es{«‘d 
by ."Du Hamel and r(‘count(Hl liy iteauiuur. As logards this 
Fabre has also made some very valuabhi ohse.rvations. Ht* marki'd 
some specimens of the bee, and nmhu’ eiivtu’ removed t.hem to 
a distance of four kilometKis, and tlum lilH*ratml tlimn ; the 
result proved that the bees easily found their way Inu'k again, 
and indeed were so little discjoiuposcul by tlu^ nma^val that, they 
reached their nests laden with polhm as if they had im-rely hnm 
out on an ordinary journey. On one of thesr; oi'caHicum ho 
observed that a OJudiiwdoraa, on returning, found that, unothm' 
bee had during her alisence taken possiissiou of lier pariially 
completed cell^ and was unwilling to relinqnisli it; whoroujion 
a battle between the two took jihuac The ax'c.ount of this is 
specially interesting, because it would apjiear that tin*, two ooiij - 
batants did not seek to injure one anotlu'.r, but were merely 
engaged in testing, as it were, wlikTi was the luoni stuioiiH in ifs 
claims to the proprietorshi|> of the cell in dispute. TTu^ mat t er 
ended by the original constructor regaining ami ndaining posses- 
sion. Fabre says that in the case of (JhidlriHluma it is quiti^ a. 
common thing for an uncompleted cell to be thuH appropriateil 
by a stranger during the absence of the I'iglitful ownc*r, loid that 
after a scene of tiie kind described alxive, tlie latter of tlic! two 
claimants always regains possession, thus leading one to KupptiHi* 
that some sense of riglitful ownership exists in tlu'sc^ Imim ; the 
usurper expressing, as it were, by its actions the idea liefore I 
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resign uiy cIciiuiH I must re([uire you to go tlirougli the exertions 
Lluit will, prove you to 1)e really the lawful owner. 

Another experiment was made with forty specimens oi Ghali- 
nulntna pyrf.miutti, which were removed to a distance of four 
kilometres and then liberated. About twenty of the individuals 
liad ]>een somewhat injured by the processes of capturing, mark- 
ing, a.ntl transferring, and proved unable to make a proper start, 
llie otliers wcmt off well when ^*eleased, and in forty minutes the 
a.rriva,ls at the nest liad already commenced. The next morning 
}u‘. was aJ)le to ascertain that fifteen at least had found their way 
bjick, and tha,t it was probable that most of the uninjured bees 
laid reached home; and this although, as Fabte believed, they 
ha.d iKiver l)efore seen the spot where he liberated them. 

These observations on the power of Chalicocloma to regain 
its nest attracted the attention of Charles Darwin, who wrote to 
M. balu’e, and suggested that further observations should be 
made with the view of ascertaining by means, of what sense these 
1)04 were able, to accomplish their return. For it must be borne 
in mind that this bee is very different from the domestic bee, 
inasmnc'h as it enjoys but a brief life in the winged state, and it 
is th(n*(dV)ri^ to l)e presumed tliat an individual has no knowledge 
of such comparatively distant localities as those to which Fabre 
tra.nsport(;d it. Further observations made by the Frenchnian 
ha,vt‘ unfortunately failed to throw any light on this point. 
Darwin thought it might possibly be some sensitiveness to 
magnetic conditions that enabled the bees to return home, 
and siiggest(‘4i that they should be tested as to this. Fabre 
ac/cordingly made some minute magnets, and fixed one to each 
1x40 previous to letting them loose for a return journey. This 
haxl the effect of completely deranging the bees; audit was there- 
foixi at first thought that the requisite clue was obtained. It 
ocTiUTed to the experimenter, however, to try the plan of affixing 
small pieces of straw to tlie bees instead of magnets, and on this 
Ixiing (lone it was found that the little creatures were just as 
iniicli deranged liytlie straws as they were by the magnets: thus 
it became evident that no good grounds exist for considering 
that tlie l)ees are guided Ijy magnetic influences. 

One of the species^ of Ghalicodoma observed by Fabre fixes 

/ 

^ The (Jhalicodirnie des (jalcts"' or C. ‘^des murailles” of the French writer ; in 
gome placBH he .speaks of the teing C, muraria, in others as C. ^arietina. 
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its nests to the small boulders brought down and kdt by the 
Ehoiie on the waste places of its banks. This ha,])it a,fr()rded. 
Fabre an opportunity of removing the nests during the process 
of construction, and of observing tlic effect this produced on the 
architects. While a bee that had a nest partially constructed 
was absent, he removed the stone and the nest atta,ched to it from 
one situation to another near at hand and visible iroiu tlic*. 
original site.. In a few minutes the bee i*eturned and wcuit 
straight to the spot where the nest had been ; finding its home 
absent it hovered for a little while around tlie place, and then 
alighted on the vacated position, and walked about thereon in 
search of the nest ; being after some time convinced tha,t this 
was no longer there, it took wing, l.)ut speedily returned again to 
the place and went through the same operations. Tliis series of 
manoeuvres was several times repeated, the return always being 
made to the exact spot where the nest had been originally locatcid ; 
and althougli the bee in the course of its journeys would pa.ss 
over the nest at a distance of perhaps only a few inches, it did 
not recognise the object it was in search of. If the nest 
were placed very near to the spot it had been removed from — 
say at a distance of about a yard — it might happen tha,t the l)ee 
would actually come to the stone to wliicli the nest was fixed, 
would visit the nest, would even enter into the cell it had hrft 
partially completed, would examine circumspectly the boulder, 
but would always leave it, and again return to the spot wliere 
the nest was originally situated, and, on finding that the nest 
was not there, would take its departure altogether from the 
locality. The home must be, for the bee, in the proper situation, 
or it is not recognised as the desired object. Thus we are con- 
fronted with the strange fact that the very bee that is able to 
return to its nest from a distance of four kilometres can no 
longer recognise it when removed only a yard from the original 
position. This extraordinary condition of- the memory of the 
Insect is almost inconceivable by us. That the bee should 
accurately recognise the spot, but that it should not recognise 
the cell it had itself just formed and half- filled with honey-paste, 
seems to us almost incredible ; nevertheless, the fact is quite con- 
sistent with what we shall subsequently relate in The case of the 
solitary wasp Bemlex. A cross experiment was made by taking 
away the stone with the attached nest of the bee while the latter 
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was absent, and putting in its place the nest of another indi- 
vidual in about tlie same stage of construction ; this nest was 
at once adopted by the bee, which indeed was apparently in no 
way deranged by the fact that the edifice was tlie work of another. 
A further experiment was made by transposing the positions of 
two nests that were very near together, so tliat each bee when 
returning might be supposed to have a free choice as to which 
nest it would go to. Unhesitatingly ea(ih bee selected the nest 
that, though not its own, was in the position where its own had 
been. Tiiis series of experiments seems to prove tluit the Chalci- 
doma lias very little sense as to what is its own property, but, on 
the other liand, has a most keen appreciation of locality. As, 
however, it might be supposed that the liees were deceived by the 
similarity between the substituted nests, Fabre transposed tw'O 
iKists that were extremely different, one consisting of many cells, 
the other of a single incomplete cell ; it was, of course, a necessary 
condition of this experiment that each of tlie two nests, however 
different in other respects, should possess one cell each in similar 
stages of construction ; and wlien that was the ease each bee 
cheerfully adopted the nest that, though very different to its 
own, was in the right place. This ti’ansposition of nests can be 
rapidly repeated, and thus the same bee may be made to go on 
working at two different nests. 

Suppose, however, that another sort of change be made. Let 
a nest, consisting of a cell tliat is in an early stage of construc- 
tion, be taken away, and let there be sulrstituted for it a cell 
built and partially stored with food. It might be sujiposed that 
the bee would gladly welcome this change, for the adoption of 
the sul)stituted cell would save it a great deal of work. Not so, 
however; tlie bee in such a case will take to the sulistituted cell, 
ljut will go on building at it although it is alniady of tlie full 
heiglit, and will continue Iniilding at it until the cell is made as 
much as a third more than the regulation li eight. In fact the 
bee, being in tlie building stage of its operations, goes on l)iiild~ 
ing, although in so doing it is carrying on a useless, if not an 
injurious, work. A similar state ensues when the Insect ceases 
to build and begins to bring provisions to the nest ; although a 
substituted cell may contain a sufficient store of food, the liee goes 
on adding to this, though it is wasting its labour's in so doing. ■ 
It should be noted that though the bee must go tlirougli the 
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appropriate stages of its labours whether the result of so doing 
be beneficial or injurious, yet it is nevertheless to some extent 
controlled by the circumstances, for it does not in such cases 
complete what should have been the full measure of its own 
individual work ; it does not, for instance, raise the cell to twice 
the natural height, but stops building when the cell is about 
one-third larger than usual, as if at that stage the absurdity of 
the situation became manifest to it. 

Fabre's experiments with the Chcdicoiioma are so extremely 
instructive as regards the nature of instinct in some of the 
highest Insects, that we must briefly allude to some other of his 
observations even at the risk of wearying the reader who feels 
but little interest in the subject of Insect intelligence. 

Having discovered that a mason-bee that was engaged in the 
process of construction would go on building to an useless or 
even injurious extent, Fabre tried another experiment to ascer- 
tain whether a bee that was engaged in the process of provision- 
ing the nest, would do so in conditions that rendered its work 
futile. Taking away a nest with completely built cell that a bee 
was storing with food, he substituted for it one in which the cell 
was only commenced, and therefore incapable of containing food ; 
when the bee with its store of provisions reached this should-he 
receptacle it appeared to be very perplexed, tested the im- 
perfect cell with its antennae, left the spot and returned again ; 
repeating this several times it finally went to the cell of 
some stranger to deposit its treasure. In other cases the bee 
broke open a completed cell, and having done so went on bringing 
provisions to it, although it was already fully provisioned and an 
egg laid therein : finally, the little creature having completed 
the bringing of this superfluous tale of provisions, deposited 
a second egg, and again sealed up the cell. But in no case 
does the bee go back from the provisioning stage to the build- 
ing stage until the cycle for one cell of building, provisioning, 
and egg-laying is completed : but when this is the case, the 
building of a fresh cell may Te again undertaken. This is a 
good example of the kind of consecutive necessity that seems 
to be one of the chief features of the instinct of these industrious 
little animals. Another equally striking illustration of these 
peculiarities of instinct is offered by interfering with the act of 
putting the provisions into the cell. It will be recollected that 
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wlieii tlie 1)06 brings provisions to add to tlie stock, it carries 
both honey and pollen ; in order to deliver these it Ijegins by 
entering head first into the cell and disgorging the honey, then 
emerging it turns round, enters backwards and scrapes off the 
pollen from its body. If after the honey has been discharged, 
the bee be interfered with and gently removed to a slight dis- 
tance with a straw, it returns to complete its task, but instead of 
going on with the actions at the point at which tlie interniption 
took place, it begins the series over again, going in — at any lute 
partially — head first, although it has no honey to discharge, and 
having performed this useless ceremony it then emerges, turns 
round and adds the pollen. This illustration is in some respects 
tlie reverse of what might have been expected, for the Insect 
here does not continue the act at the interrupted point, but begins 
the series of actions afresh. 

It would be reasonable to suppose that an Insect that takes 
the pains to provide for the safety of its progeny by constructing 
a complex edifice of cement, secures thereby the advantage of 
protection for its young. But this is far from being the case. 
Not withstanding the cement and the thick dome of mortar, the 
Chalicodo'ma is extremely subject to the attacks of parasites. 
The work performed by the creature in constructing its mass of 
masonry is truly astounding; Fabre calculated from measure- 
ments he made that for the construction and provisioning of a 
single cell, the goings and comings of the bee amounted to 15 
kilometres, and it makes for each nest sometimes as many as 
fifteen cells. Notwithstanding ail this labour, it would appear 
that no real safety for the larvae is obtained by the work. Some 
sixteen — possibly more — other species of Insects get their living 
off this industrious creature. Another bee, Stdis namta,, breaks 
open the cells after they have been completely closed and places 
its own eggs in them, and then again closes the cells with 
mortar. The larvae of this 8tdi^ develop more rapidly than do 
those of the Ghalicodomci, so that the result of this shameless 
proceeding is that the young one of the legitimate proprietor— 
as we human beings think it — is starved to death, or is possibly 
eaten up as a dessert by the Stelis larvae, after they have 
appropriated all the pudding. 

Another bee, Dioxys eincta, is even inore audacious ; it fiies 
about in a careless manner among the Chalicodovia at their 
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work, and they do not seem to object to its presence unless it 
interferes with them in too nnnianneiiy a fasliion, wlien tlu‘y 
brush it aside. The Dioxys, wlien the proprietor leaves the c(*ll, 
will enter it and taste the contents ; after having talcen a few 
mouthfuls the impudent creature then deposits an egg in the 
cell, and, it is pretty certain, jDlaces it at or near tlie bottom of 
the mass of pollen, so that it is not conspicuously evident to the 
Chalicodoma when the bee again returns to add to or coni])lete 
the stock of provisions. Afterwards the constructor dejiosits its 
own egg in the cell and closes it. The final result is much tlie 
same as in the ease of the Stelis, that is to say, the Ohcifir.odoma. 
has provided food for an usurper ; but it appears probalde that 
the consummation is reached in a somewhat different manner, 
namely, by the JDioxys larva eating the egg of the Chali- 
codoma, instead of slaughtering the larva. Two of the Hymenop- 
tera Parasitica are very destructive to the Cludioodoma, viz. 
Leiicospis gigas and Monodontoinems nitukis ; the habits of wliieli 
we have already discussed (vol. v. p. 543) under (Jhalcididae. 
Lampert has given a list of the Insects attacking tlie nuison-liee 
or found in its nests ; altogether it would ajipear that aliout 
sixteen species have been recognised, most of whicli destroy the 
bee larva, though some possibly destroy the bee’s destroyers, and 
two or three perhaps merely devour dead examples of the bee, or 
take the food from cells, the inhabitants of which have been 
destroyed by some untoward event. This author thinks that 
one half of the bees’ progeny are made away with by these 
destroyers, while Fahre places the destruction in the South of 
France at a still higher ratio, telling us that in one nest of nine 
cells, the inhabitants of three were destroyed by the I)i])terous 
Insect, Anthrax trifasciata, of two by two by Htelis, and 

of one by the smaller Chalcid ; there being thus only a single 
example of the bee that had not succumbed to one or other of 
the enemies. He has sometimes examined a large nmnher of 
nests without finding a single one that had not been attacked by 
one or other of the parasites, and more often than not several of 
the marauders had attacked the nest. 

^ It is said by Lampert and others that there is a passage in 
Pliny relating to one of the mason-bees, that the Eomau author 
had noticed in the act of carrying off stones to build into its 
nest ; being unacquainted with the special habits of tlie bee, he 
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seems to have supposed that the insect was carrying tlie stone 
as ballast to keep itself from being blown away. 

The bees of the genus Antliiclium are known to possess tlie 
lialht of making nests of wool or cotton, that they obtain from 
plants growing 'at hand. We 
have one species of this genus 
of bees in Britain ; it some- 
times may be seen at work in 
the grounds of our Museum 
‘at CJambridge : it is referred 
to by G-ilbert White, who 
says of it, in his History 
of Selhorne : “ There is a sort 
of wild bee frequenting the 
garden-campion for the sake 
of its tomentum, which jjrob- 
ably it turns to some purpose 
in the Inisiness of nidiiication. 

It is very pleasant to see with 
wliat address it strips off the 
pubes, running from the top 
to the bottom of a branch, 
and shaving it bare witli the 
dexterity of a hoop -shaver. 

When it has got a bundle, 
almost as large as itself, it flies 
away, holding it secure between its chin and its fore legs.” 
The species of this genus are remarkable as forming a con- 
spicuous exception to the rule that in bees the female is 
larger than the male. The species of Antliidium do not form 
burrows for themselves, but 'either take advantage of suitable 
cavities formed by other Insects in wood, or take possession of 
deserted nests of other bees or even empty snail-shells. The 
workers in cotton, of which our British species A, manicatum is 
one, line the selected receptacle with a beautiful network of 
cotton or wool, and inside this place a finer layer of the material, 
to which is added some sort of cement that prevents tlie honied 
mass stored by the bees in this receptacle from passing out of it. 
A. iliadevia, one of the species that form nests in hollow stems, 
has been specially observed by Fabre ; it will take the cotton for 
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thus perishes in the cell. Fahre furtlier stato-s ^vil,h rcgar.U,, 
these interesting bees, that no structural diftercnccs ol tlic lent 
or mandibles can he detected between the workers in cotton and 
the workers in resin; and he also says tliat in tlie ca„so where 
two cells are constructed in one snail-shell, a male individual is 
produced from the cell of the greater capacity, and a female from 
the other. 

Osmia is one of the most important of the genera of; hcos 
■found in Europe, and is remarkable for the diversity of instinct 
displayed in the formation of the nests ol the various spiaiies. 
As a rule they avail themselves for nidificatioii of hollow 
places already existing; choosing excavations in wood, in th(5 

mortar of walls, and (.wen in 
sandbanks ; in sevtu-al ciises 
the same species is found to 
be able to adapt itself to 
more than one kind of thes(3 
very different sul)sta,n{?(.^s. This 
variety of habit will rmnhu* 
it impossilde I'or us to do 
j ustice to tin s i ii tiu'i *s t i u g 
genus within the spa(.*e at 
our disposal, and we must 
content ourselves witli a. con- 
sideration of one or two of the more instructive of the traits 
of Osmia life. 0. tridentata forms its nest in tlie stems of 
brambles, of which it excavates the pith; its mode of working 
and some other details of its life have been well depicted liy 
Eabre. The Insect having selected a suitable bramble-stalk with 
a cut extremity, forms a cylindrical burrow in the pitli thereof, 
extending the tunnel as far as will be rerpiired to alhnv the 
construction of teu or more cells placed one after the other in 
the axis of the cylinder; the bee does not at first (*h;ar out (piite 
aU the pith, but merely forms a tunnel through it, and tlieii 
commences the construction of the first cell, which is placed at 
the end of the tunnel that is most remote from the entrance. 
This cavity is to he of oval form, and the Insect tlierefore cuts 
away more of the pith so as to make an oval space, but somewhat 
truncate, as it were, at each end, the plane of truncation at the 
proximal extremity being of course an orifice. The first cell 



Fig. 21 . — Osmia tricorniSy 9- Algeria. 
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thuH is sI; 01 ‘(m 1 witli pollen and honey, and an e^-g is 

doposit.od. Tlic‘ji a Ijarrier luis to be constructed to close this 
chonilu'r; the material used lor the barrier is the pith of the 
stein, and the. liisi'ct cuts the material required for the purpose 
Iruin tlic‘ walls of the second chamber; the excavation of the 
sin-oml e.hani])er is, in fact, made to furnish the material for clos- 
iu.i^ up thf‘. first cell. In tins way a chain of cells is constructed, 
t htdr uunihm* lieing sometimes as many as fifteen. The mode 
in which th(‘. 1 hu‘S, when the transformations of the larvae and 
pupacj ha,V(*. h(‘<*n ('Oiiiplcted, escape from the chain of cells, has 
bciui 1,1 .suhjcc't of iniich discussion, and errors have arisen from 
iurcnmcc^. Ixhng allowed to take the jdace of observation. Thus 
f)u!*()ur, who noted this same mode of construction and arrange- 
ment in another llynienopteron (Odyneriis niclulator'), perceived 
that trhciu was only one orifice of exit, and also that the Insect 
fJuit was ][)laf!(ul at the greatest distance from this was the 
inm that, Indng the oldest of the series, might be expected to 
he the first n‘,a(ly to emerge; and as the other cocoons would 
iiecessa.rily l>e in the way of its getting out, he concluded that 
t he egg that was last laid produced the first Insect ready for 
em<u*genf'e.. Falue tested this by some ingenious experiments, 
and feund thad this was not the case, but that the Insects became 
ready to l(‘avii their place of impirisonment without any reference 
to th(! oi'd(,*r in wlikdi the eggs were laid, and he further noticed 
Hom<*- wry ('.urious facts with reference to the mode of emergence 
oi‘ Osnifff. irlde/tUata. Each Insect, when it desires to leave the 
bra nible stem, tears open the cocoon in. which it is enclosed, and also 
bituH through tluj harrier placed hy the mother between it and 
ihv Insect that is next it, and that separates it from the orifice 
of exit. Of course, if it liappeu to be the outside one of the 
it (^an tluui escape at once ; but if it should be one farther 
down in tht‘ Indian file it will not touch the cocoon beyond, but 
waits patimitly, jiossibly for days; if it then still find itself con- 
fimal it endeavoiirs to escape hy squeezing past the cocoon that 
in tcu’vcnes l)etween it and lilje.rty, and by biting away the material 
at the Hides so as to enlarge the passage; it may succeed in doing 
tluB, and HO get out, hut if it fiiil to make a side passage it will 
not toucli tlie cocoons that are in its way. In the ordinary 
course of events, supposing all to go well with the family, all 
the cocooriB produce their iximates in a state for emergence within 
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a week or two, and so all get out. Frequeiitlj, liow<iver, the 
emergence is prevented by something having gone wrong with 
one of the outer Insects, in wliieh case all beyond it perish unli^ss 
they are strong enough to bite a hole througli the sid(%s ot th(‘. 
bramble-stem. Thus it appears that whether a pa,Tticula,r (Mtn ut 
shall be able to emerge or not depends on two things — (1) whi^ther 
all goes well with all the other Insects between it and tlu‘. orific'c, 
and (2) whether the Insect can bite a lateral hoh^ or not; this 
latter point also largely depends on the tliickness oi the out<(n‘ 
part of the stem of the bramble. Fabre’s ex])erinients on 
these points have been repeated, and his results continued ])y 
Nicolas. 

The fact that an Osmia would itself perish rather than atta,(‘k 
the cocoon of its brother or sister is certainly very remarkable, 
and it induced Fabre to make some further experiments. lie 
took some cocoons containing dead specimens of Osmia |)lac(.‘d 
them in the road of an Osmia ready for exit, and found tluit in 
such case the bee made its way out by demolishing without a,ny 
scruple the cocoons and dead larvae that intervened l)OtW(M}n it 
and liberty. He then took some other reeds, and blocdvcd thii 
way of exit with cocoons containing living larvae, but of anotlnn* 
species of Hymenoptera. Solenius vagus and Osmia (Iririia want 
the species experimented on in this case, and he found that the 
Osmia destroyed the cocoon and living larvae of the HuUmlus, 
and so made its way out. Thus it appears tliat Osmia will 
respect the life of its own species, and die rather than destroy it, 
but has no similar respect for the life of another species. 

Some of Fabre’s most instructive chapters are devoted to the 
habits and instincts of various species of the genus Osmia. It 
is impossible here to find space even to summarise tliem, still 
more impossible to do them justice; but we have selected the 
history just recounted, because it is rare to find in the insect 
world instances of such self-sacrifice by an individual for one of 
the same generation. It would be quite improper to generalises 
from this case, however, and conclude tliat such respect for its 
own species is common even amongst the Osmia. Fabre, indeed, 
relates a case that offers a sad contrast to the scene of self- 
sacrifice and respect for the rights of others that we have roughly 
portrayed. He was able to induce a colony of Osmia tricoriiiH 
(another species of the genus, be it noted) to establish itself and 
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work in a series of glass tubes that lie placed on a taijlc in Iris 
laboratory. He marked various individuals, so that lie was aide 
to recognise them and note the progress of their industrial works. 
Quite a large number of specimens thus established tliemselves 
and concluded their work before his very eyes. Some individuals, 
however, when they had completed the formation of a series of 
cells in a glass tube or in a reed, had still not entirely completed 
their tale of work. It would Ije supposed that in such a case 
the individual would commence the formation of another series 
of cells in an unoccupied tube. This was not, liowever, the case. 
The bee preferred tearing open one or more cells already completed 
— in some cases, even by itself — scattering the contents, and de- 
vouring tlie egg ; tlien again provisioning the cell, it would deposit 
a fresh egg, and close the chamber. These brief remarks will 
perhaps suffice to give some idea of the variety of instinct and 
haliit that prevails in tins very interesting genus. Triese observes 
that the variety of habits in this genus is accompanied as a rule 
by paucity of individuals of a species, so that in central Europe 
a collector must he prepared to give some twenty years or so of 
attention to tlie genus before he can consider he has obtained all 
the species of 0s7nia tluit inhabit his district. 

As a prelude to the remarks we are about to make on tlie 
leaf-cutting bees of the genus MegacJi/ile it is well to state that 
the bee, the habits of which were descrilied ^y Ecaumur under 
the name of “ Tabeille tapissicre,” and tliat uses portions of tlie 
leaves of the scarlet poppy to line its nest, is now assigmal to 
the genus Osmia, although Latreille, in the interval that lias 
elapsed since the publication of Ecaumur’s woik, founded the 
genus Anthocog^a for the bee in question. Mr.y addle is one of 
the most important of the genera of the Dasygastres, Ixdiig 
found in most jiarts of the world, even in the Sandwicli 
Islands ; it consists of bees averaging alxiut the size of 
the honey-bee (though some are consideralily larger, others 
smaller), and having the labrum largely developed ; this organ is 
capable of complete inflection to the under side of the liead, and 
when in the condition of repose it is thus infolded, it underlaps 
and protects the larger part of the lower lip ; the mandibles 
close over the infolded la])rum, so that, when the Insect is at rest, 
this appears to be altogether absent. These bees are called 
leaf-cutters, from their habit of forming the cells for their nest 
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out of pieces of the leaves of plants. We have several species in 
Britain ; tlie^ are very like the coiiiinoii lienej-lx^e in general 
api^earauce, though rather more robustly formed . These Insects, 
like the Osniiae, avail themselves of existing hollow places iis 
receptacles in which to place their nests. M. allxHnndti fr(3((iieiit]y 
takes possession of a deserted worm-burrow in tlie ground. Tine 
burrow being longer than necessary the bee cominences by cutting- 
off the more distant part by means of a harricacle of foliag(‘. ; tliis 
being clone, it proceeds to form, a series of cells, eacli slnijied like, 
a thimble with a lid at the open end (Fig. 22, A). The Ixxly of* 
the thimble is formed of large oval pieces of leaf, the lid of 
smaller round pieces; the fragments are cut with great skill from 
the leaves of growing plants hy the Insect, which seems to havot 
an idea of the form and size of the piece of foliage necessary for 
each particular stage of its work. 

Home has given particulars as to the nest of Migiulvlh anihrx- 

cinci {fasciculata), an Hast Indian species.^ The material employed 

was either the leaves of the Indian, 

pulse or of the rose. Long p)icc(‘« 

are cut hy the Insect from tlia 

leaf, and withtliese a C(3ll is forme<l ; 

a circular piece is next cut, and 

with this a lid is made for tlit.^ 

receptacle. The cells are aljonb 

the size and sliape of a coinrnoii. 

thinihle ; in one specimen tliat/ 

Horne examined no less than 

thirty-two pieces of leaf dispose 

in seven layers were used for one 

cell, in addition to three pierces fbi‘ 

the round top. The cells arc 5 

carefully prepared, and some kind 

of matter of a gummy nature in 

^ believed to be used to keep in 

hee, IlegachUe mthracina. A, one place the uieces foiinilie* the in-« 

cell separated, mth lid open ; the i • rm i ^ 

larva (a) reposing on the food ; B, layers. Tiie cells are platted 

in Fig. 22, H ; 
seven cells form a series, 
and four or six series are believed to be constructed by one pair 

^ Trfins. Zool, Soc, loiidon, vii. 1870, p. 178. 
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of this bee, the mass being located in a hollow in masonry or 
some similar position. Each cell when completed is half filled 
with pollen in the usual manner, and an egg is then laid in it. 
This bee is much infested by parasites, and is eaten by the Grey 
Hornbill {Merdceros Incornis). 

MejjacMU lanata is one of the Hymenoptera that in East 
India enter houses to build their own habitations. According 
to Horne both sexes take part in the work of construction, and 
the spots chosen are frequently of a very odd nature. The 
matex'ial used is some kind of clay, and the natural situation 
may he considered to be the interior of a hollow tube, such as 
tlie stem of a bamboo ; but the barrel of a gun, and the hollow 
in the back of a book that has been left lying open, have been 
occasionally selected by the Insect as • suitable. Smith states 
that the individuals developed in the lower part of a tubular 
series of this species were females, which sex takes longer to 
develop, and thus an exit is not required for them so soon as for 
the occupants of the upper cells which are males.’’ M. ]}Toxirria, a 
species almost exactly similar in appearance to M, lanata, makes 
its cells of leaf-cuttings, however, and places them in soft soil. 

Eabre states that M. alhocmcta, which commences the 
formation of its nest in a worm -burrow by means of a barricade, 
frequently makes the barricade, but no nest ; sometimes it will 
indeed make the barricade more than twice the proper size, and 
thus completely fill up the worm burrow. Eabre considers that 
these eccentric proceedings are due to individuals that have already 
formed proper nests elsewhere, and that after completing these 
have still some strength remaining, which they use up in this 
fruitless manner. 

The Social bees (Sociales) include, so far as is yet known, 
only a very small number of genera, and are so diverse, both in 
habits and structure, that the propriety of associating them in 
one group is more than doubtful ; the genera are Bombus (Fig. 
331, vol. V.), with its commensal genus or section, Psithyrus 
(Fig. 23) ; Meli])ona (Fig. 24), in which Trigona and Tetragona 
may at present be included, and Apis (Fig. 6) ; this latter genus 
comprising the various honey-bees that are more or less com- 
pletely domesticated in different parts of the world. 

In the genus Bomlriis the phenomena connected with the 
social life are more similar to what we Und among wasps 
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than to what they are in the genus Aiyls. The societies come to 
an end at the close of the season, a few females live through tlie 
winter, and each of these starts a new colony in the following 
spring. Males, females and workers exist, hut tlie latter are 
not distinguished by any good characters from the females, and 
are, in fact, nothing but more or less imperfect forms thereof; 
whereas in A2ns the workers are distinguished by structural 
characters not found in either of the true sexes. 

Hoffer has given a description of the coinmencenient of a 
society of Bomlms la^piclarius} A large female, at the end of May, 
collected together a small mass of moss, then made an expedition 
and returned laden with pollen ; under cover of the moss a cell 
was formed of wax taken from the hind-body and mixtid witli 
the pollen the bee had brought in; this cell was fastened to a 
piece of wood ; when completed it formed a subspherical recep- 
tacle, the outer wall of which consisted of wax, and whose interior 
was lined with honey-saturated pollen ; then several eggs w(n*e 
laid in this receptacle, and it was entirely closed. Holier took 
the completed cell away to use it for museum purposes, and the 
following day the poor bee that had formed it died. From 
observations made on Bomlms ctgrorum he was able to descrilje 
the subsequent operations; these are somewhat as follows The 
first cell being constructed, stored, and closed, the industrious 
architect, clinging to the cell, takes a few days' rest, and after 
this interval commences the formation of a second cell ; this is 
placed by the side of the first, to which it is connected by a 
mixture of wax and pollen ; the second cell being completed a 
third may be formed ; but the labours of the constructor about 
this time are augmented by the hatching of the eggs deposited 
a few days previously ; for the young larvae, having soon disposed 
of the small quantity of food in the interior of the waxen cell, 
require feeding. This operation is carried on by forming a small 
opening in the upper part of the cell, through wliich the bee 
conveys food to the interior by ejecting it from her moutli 
through the hole ; whether the food is conveyed directly to 
the mouths of the larvae or not, Hoffer was unable to observe ; 
it being much more difficult to approach this royal founder 
without disturbing her than it is the worker-bees that carry on 
similar occupations at a subsequent period in the history of the 
^ Mt. Ver. Steiennark^ xxxi. 1882, p. 69. 
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society. The larva, e in the first cell, as they increase in size. 
a|)|)arently distend tlie cell in an irregular manner, so that it 
Ijeeonies a knoljljed and rugged, trulHe-like mass. The same 
thing happens witli the other cells formed by the queen. Each 
of tliesc larval masses contains, it should be noticed, sister-larvae 
a, 11 of one age ; when full grown they pupate in the mass, and 
it is worthy of remark that although all the eggs in one larval 
ma,ss were laid at the same time, yet the larvae do not all pupate 
simultaneously, neither do all the perfect Insects appear at 
onc,(‘., ev(ui if all are of one sex. The pupation takes “ 

in a (tocoon tliat each larva forms for itself of excessively 
line silk. The first broods hatched are formed chiefly, if not 
entirely, of workers, but small females may be produced before 
th(‘. end of the season. Huber and Schiniedekneeht state that 
tliough the queen provides the worker-cells with food before the 
(‘ggs are pla(X‘xl tlierein, yet no food is put in the cells in which 
males and females are produced. The queen, at the time of 
])U]>utiou of the larvae, scrapes away the wax by which the 
{' 0 {*()ons are covered, thus hrcilitating the escape of the per- 
fet'.t Insect, and, it may also be, aiding the access of air to the 
ympa. TTie colony at iirst grows very slowly, as the queen can, 
unaided, feed only a small number of larvae. But after she 
receives th(3 assistance of the first batch of workers much more 
rapid progress is made, the queen greatly restricting her labours, 
and oc'cupying herself with the laying of eggs ; a process tliat 
now ]>roceeds more and more rapidly, the queen in some cases 
scarcely ever leaving the nest, and in others even becoming 
incapa])le of flight. The females produced during the inter- 
mediate ])eriod of the colony are smaller than the mother, hut 
supplenumt her in the process of egg - laying, as also do the 
workers to a greater or less extent. The conditions that deter- 
mine the egg-laying powers of tliese small females and workers 
are apparently unknown, hut it is ascertained that these powers 
vary greatly in different cases, so that if the true queen die the 
* continuation of tlie colony is sometimes effectively carried on by 
thiise her former subordinates. In other cases, however, the 
r( 3 verse happens, and none of the inhabitants may be capable of 
producing eggs ; in this event two conditions may be present ; 
either larvae may exist in the nest, or they may be absent. In- 
the former case tlie workers provide them with food, and the 
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colony may thus still he continued ; 1)iit in tlic lattci case, 
there being* no profitable occupation lor th(3 l)ecs to iollow, 
they spend the greater part of the time sitting at home in tiic 
nest. 

Supposing all to go well with the colony it increases \(uy 
greatly, hut its prosperity is checked in the ciutunin-; at this 
period large numbers of males are produced as well as new 
queens, and thereafter the colony conies to an end, only a, few 
fertilised females surviving the winter, each one to commence lor 
herself a new colony in the ensuing spring. 

The interior of the nest of a bumble-bee {Bomlms) freipiently 
presents a very irregular appearance; this is largely owing to the 
fact that these bees do not use the cells as cradles twice, Init form 
others as they may be required, on the old remains. The cells, 
moreover, are of different sizes, those that produce workers Ixiing 
the smallest, those that cradle females being the largest, while*, 
those in which males are reared are intermediate in siz(r 
Although the old cells are not used a second time fox rearing 
brood they are nevertheless frequently adapted to the purposes 
of receptacles for pollen and for honey, and for these olqects they 
may. be increased in size and altered in form. 

It may be gathered from various records that tlie ])erio(l 
required to complete the development of the individual liornlus 
about midsummer is four weeks from the. deposition of the egg 
to the emergence of the perfect Insect, but exact details and 
information as to whether this period varies with the sex of the 
Insect developed are not to be found. The recordvS do not 
afford any reason for supposing that such distinction will lai 
found to exist : the size of the cells appears the only correlation, 
suggested by the facts yet known, between the sex of the in- 
dividual and the circumstances of development. 

The colonies of Bomhes vary greatly in prosperity, if we take 
as the test of this the number of individuals produced in a 
colony. They never, however, attain anything at all approach- 
ing to the vast number of individuals that compose a large colony * 
of wasps, or that exist in the crowded societies of the more 
perfectly social bees. A populous colony of a subterranean 
Bomdus may attain the number of 300 or 400 in divi duals. 
Those that dwell on the surface are as a rule much less populous, 
as they are less protected, so that changes of weather are more 
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prtyuclicial to tliem. According to Smith, tlio averiige nnmljer 
of a colony of B. vtuscorum in the autumn in this country is 
about 120 — viz. 25 females, 36 males, 59 workers. No mode 
of increasing the nests in a systematic manner exists in this 
genus; they do not place tlie cells in stories as the wasps do; 
and this is the case notwithstanding the fact tliat a cell is not 
twice used for the roaring of young. When tlie ground-space 
available for cell- building is filled the Bomlms begins another 
series of cells on the ruins of the first one. From this reason 
old nests have a very irregular appearance, and this condition of 
seeming disorder is greatly increased by the very different sizes 
of the cells tliemselves. We have already alluded to some of 
these cells, more particularly to those of difierent capacities to 
suit the sexes of the individuals to be reared in them. In 
addition to these there are honey -tubs, pollen- tul)S, and 
the cells of the Psithyrus (Fig. 23), the j^arasitic but Mendly 
inmates of the i?om5''as- nests. A nest of Bcmilnis, exhibiting 
the various pots p>^“<^jGcting from the remains of empty a-iid 
partially destroyed cells, presents, as may well l)e imagined, <a very 
curious appearance. Some of the old cells ax)parently are partly 
destroyed for the sake of the material they are composed of. 
Others are formed into honey- tubs, of a make-shift nature. It 
must be recollected that, as a colony increases, stores of pro- 
visions become absolutely necessary, otherwise in bad weather 
the larvae could not be fed. In good weather, and wlien fiowc-irs 
abound, these bees collect and store honey in abundance ; in 
addition to placing it in the empty pupa-cells, they also form 
for it special receptacles ; tliese are delicate cells made entii'ely 
of wax filled with honey, and are always left open for the benefit 
of the community. The existence of these honey - tubs in 
bumble-bees’ nests has l)ecome known to our country urchins, 
whose love for honey and for the sport of bee-baiting leads to 
wholesale destruction of the nests. According to Hoffer, special 
tubs for the storing of pollen are sometimes formed ; these are 
much taller than the other cells. The PsitJiyrus that live in the 
nests with the Bomhus are generally somewhat larger than the 
latter, and consequently their cells may be distinguished in the 
nests by their larger size. A bumble-bees’ nest, composed of all 
these heterogenous chambers rising out of the ruins of former 
layers of cells, presents a scene of such apparent disorder that 
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many have declared that the bumble-bees do not know how to 
build. 

Although the species of Bomhus are not comparable with the 
hive-bee in respect of the perfection and intelligent nahuie ol 
their work, yet they are very industrious Insects, and tlie con- 
struction of the dwelling-places of the subterranean species is 
said to be carried out in some cases with considerable skill, a 
dome of wax being formed as a sort of roof over the brood cells. 
Some work even at night. Fea has recorded the capture of a 
species in Upper Burmah working by moonliglit, and the saine^ 
industry may be observed in this country if there be sufficient 
heat as well as light. Godart, about 200 years ago, staled that 
a trumpeter-bee is kept in some nests to rouse the denizens to 
work ill the morning : this has been treated as a fabltj by 
subsequent writers, but is confirmed in a circumstantial manner 
by Hoffer, who observed the performance in a nest of B. ruderatus 
in his laboratory. On the trumpeter being taken away its office 
was the following morning filled by another individual. The 
trumpeting was done as early as three or four o’clock in the 
morning, and it is by no means impossible that the eaidiness of 
the hour may have had something to do with the fiict tliat for 
200 years no one confirmed the old naturalist’s observation. 

One of the most curious facts in connection witli Bomlms is 
the excessive variation that many of the species display in tlie 
colour of the beautiful hair with which they are so alnindantly 
provided. There is not only usually a difference between tlie 
sexes in this respect, but also extreme variation within the 
Limits of the same sex, more especially in the case of the males 
and workers ; there is also an astonisliing difference in the size 
of individuals. These variations are carried to such an extent 
that it is almost impossible to discriminate all the varieties of a 
species by inspection of the superficial characters. The struc- 
tures peculiar to the male, as well as the sting of the female, 
enable the species to be determined with tolerable certainty. 
Cholodkovsky,^ on whose authority this statement as to the sting 
is made, has not examined it in the workers, so tliat we do not 
know whether it is as invariable in them as he states it to be 
in queens of the same -species. According to Handlirsch,^ each 

^ Zool. Anz. vii. 1884, p. 312. 

“ SB. Ges. Wim. xxxviii, 1888, p. 34, 
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spcx'it^s of Botiilms has the capacity of variation, and many of the 
va,ri<‘ti(‘s are found in one nest, that is, among the offspring of a 
siiighi pair of the species, but many of the variations are restricted 
to (‘(‘rtain localities. Some of the forms can be considered as 
actual (/' fei-tige ”) species, intermediate forms not being found, and 
{‘ven tlui characters ])y wliich species are recognised being some- 
wdiat modificHi As examples of this he mentions Bomlus silvarum 
and ]>. anviikola, B. pyiiorum and B. scTimshii'amis. In other cases, 
ho\v<‘vc‘r, the varieties are not so discontinuous, intermediate forms 
numerous; this condition is more common than the one we 
have ]>r(iviously described ; B. terrestris, B. hortorum, B. lapidarius 
and B. pomorurri are examples of these variable species. The 
varia-tion runs to a considerable extent in parallel lines in the 
diih^rcnt species, there being a dark and a light form of each ; also 
{•a(di species that has a white termination to the body appears in 
a form with a red termination, and vice versd. In the Caucasus 
many species that have everywhere else yellow bands possess 
tl n mi white ; and in Corsica there are species that are entirely 
hliu’k, with a red termination to the body, though in continental 
Muro])e tlui same species exhibit yellow bands and a white ter- 
mination to the ])ody. With so much variation it will be readily 
i>eliev(‘d that nuicli remains to be done in the study of this 
fa.S(nnating genus. It is rich in species in the Northern hemi- 
splumt*., i)ut poor in the Southern one, and in both the Ethiopian 
and Australian regions it is thought to be entirely wanting. 

Tin*. Hj)ecie8 of the JPsitliyrus {Apatlius of many authors) 

inhabit the nests of Bo7nlus ; although less numerous than the 
sp(;ci(*s of the latter genus, they also are widely distributed. They 
ar(i HO like Bcmhusiii appearance that they were not distinguished 
from them by the earlier entomologists ; and what is still more 
remarkable, each species of Psithyrus resembles the Bomlus with 
which it usually lives. There appear, however, to be occasional 
exceptions to this rule. Smith having seen one of the yellow- 
handed Psitkyrus in the nest of a red-tailed Bombus. Psithyrus 
is chiefly distinguished from Bomhus by the absence of certain 
cliarac'ters that fit the latter Insects for their industrial life ; the 
hind tibiae have no smooth space for the conveyance of pollen, 
and, so far as is known, there are only two sexes, males and per- 
fect females. The Bombus and Psithyrus live together on the 
best terms, and it appears probable that the latter do the former 
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no harm beyond appropriating a portion of their iood Kup]ilies. 
Scluniedekneeht says they are coininensals, not parasites; 1 nit it 
must be admitted that singularly few descriptions of the habits 
and life-histories of these interesting Insects have been recorded. 

Hoffer however. 



inaxle a few direct 
ol)serva,tioH s wl licl i 
confirm, and ait the 
same time make 
more definite, tlie 
vae:iie idt^.as that 

o 

liave been gcmerally 
prevalent a,nK.)ng 
entomologists. He 
found a,nd took 
home a nest oi' JJofn- 
h'US ir(rial)ilis^ wliicli 
contained also a 
female of Pdth.yrus 


ccmpestris, so that he was able to make observations on the two. 
The Psithyrus was much less industrious tliari the Bornhus, and 
.only left the nest somewhat before noon, returning home again 
towards evening ; after about a month this specimen became still 
more inactive, and passed entire days in the nest, occupying itstdf 
in consuming the stores of honey of its hosts, of which very large 
quantities were absorbed, the Psithyrus being much larger than the 
host-bee. The cells in which the young of the Psithyrus are liatched 
are very much larger than those of the Bomhus, and, it may therefore 
be presumed, are formed by the Psithyrus itself, for it can scarcely 
be supposed that the Bonibus carries its complaisance so far as 
to construct a cell specially adapted to the superior stature of its 
uninvited boarder. When a Psithyrus has been for some time a 
regular inhabitant of a nest, the Bomhus take its return home from 
time to time as a matter of course, displaying no emotion what- 
ever at its entry. Occasionally Hoffer tried the introduction of 
a Psithyrus to a nest that had not previously had one as an in- 
mate. The new arrival caused a great hubbub among the Bouilms, 
which rushed to it as if to attack it, but did not do so, and the 
alarm soon subsided, tlie Psithyrusr taking up the position in 
the nest usually affected by the individuals of the species. On 
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introduL'iiig <i {lunjilo PHitJi^jrus to a nest JBoinlms in which a 
JPUkyrus was alrea,(ly present as an established guest, the latter 
cisserl<(Hl its rights and drove away the new coiner. Hoffer also 
tri(‘(l tlie experiment of placing a Psithyrus camiiestris in the nest 
oi Jkim.hus — a specdes to which it \vas a stranger; not- 

withstanding its liaste to iiy away, it was at once attacked by 
the Jjonihus, who pulled it about but did not attempt to sting it. 

Wlicu Psithyrus is present in a nest of Poinhus it apparently 
aJlcets the inlial)Ltauts only by diminishing their stores of food to 
so great nn (extent tliat the colony remains small instead of largely 
iu(*.reasiug in numl>ers. Althougii Bomh%s variabilis, when left 
to itself, increases tiie numljer of individuals in a colony to 200 
or more, Hoffer found in a nest in which Psithyrus was present, 
that on the 1st of September the assemblage consisted only of a 
{{ueeu JJomJrns and fifteen workers, together with eighteen speci- 
nnms of the PsitJhyrus, eight of these being females. 

The nests of Ikniihvs are destroyed by several animals, probably 
fbr the sake of the honey contained in the pots ; various kinds 
of small mammals, such as mice, the weasel, and even the fox, 
ar(^ known to di‘stroy them ; and quite a fauna of Insects may be 
found in tliem; tlie relations of these to their hosts are very little 
known, ])iit some undoubtedly destroy the bees' larvae, as in the 
casti of Mdoe^ Mutilla and Gonoj[)S. Birds do not as a rule attack 
thesti l)e(‘,s, though tlie bee- eater, Jferoyis has been known 

to feed on them very heavily. 

The genera of social bees known as Melipona, Trigona or Tetra- 
f/fma, may, uccordiiig to recent authorities, be all included in one 
genus, MeMyona. Some of these Insects are amongst the smallest 
of bees, so that one, or more, species go hy the name of '' Mosquito- 
bees." The species appiear to be numerous, and occur in most of the 
tropical parts of the continents of the world, but unfortunately 
V(*ry little is known as to tlieir life-histories or economics ; they 
are said to form communities consisting at times of a countless 
number of individuals ; but it has not been thoroughly ascer- 
tained whether these are the produce of a single queen, as in 
the case of the hive-bee, or whether there may be more than one 
egg-producer in each community. The late F. Smith thought 
tlie former of these alternatives would prove to be correct. 
These mosquito-bees are frequently spoken of as stingless bees, 
but this is not quite correct, for although they do not sting. 
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✓ von Iheriiig^ says that all the essentia,! eleinents oT iJie sting 

are present, the pointed or penetrating part of the a,p])aratns 
■ being stunted. 

It would serve no useful purpose to attempt to construct tlie 
social liistory of these stingless bees from the ninuerous l)rief 
scattered accounts in entomological literature, for they refer to 
different species ; it is, however, positively stated by Sniitli on the 
;.j authority of Peckolt - that Trigona mosquito sends off swa,rms a,fter 

■ ; the manner of tlie hive-bee in this country, and tliat Jifter searcli- 

ing six hives only one royal female could be found in each. 

' The nests of many of tliese little bees are ricli in lioney, and 

i: they have a host of enemies from man and 'monkeys dowjiwards ; 

and as they do not defend 
themselves l)y stinging, it might 
be supposed they would have 
but a poor time of it. From 
the accounts thfit Imvo Ijcen 
published we may, liowever, 
gather that tliey arc ricli in 
devices for the protcMpiou of 
their nests, and fov the exclu- 
sion of intruders. Ilates has 
given some particulars as to 
Melvpo7ia mterriqyta (Jasoi- 
culata) ; it is about one-third 
shorter than the hive-bee, and its colonies are composed of an im- 
mense number of individuals. The workers are usually occupied 
in gathering pollen ; but they also collect clay in a similar manner, 
and convey it to the nest, where it is used for building a wall to 
complete the fortification of the nest, whicli is placed either in a 
suitable bank, or in a trunk of a tree; in either situation it is 
completely built in with clay. A nest which Bates saw opened 
contained about two quarts of pleasantly-tasted liquid honey. 
Forty-five species of these little bees were found in different 
parts of the Amazons Valley, the largest kind being half an inch 
in length, the smallest very minute, not more than one-twelfth 
0 an inch. These little creatures are thus masons as well 
as workers in wax and resin, and they are also gatherers of 
nectar, pollen, and resin. 

^ MU. Naohr. ai. 3886, p. 177. = Tr. ent. Soc. Lo^uion, 1868, p. 133. 
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According to Gosse, one of tliese bees is well known in Jamaica, 
where they are called “ Angolitos,” in cons(|uence of their not sting- 
ing people. He observed a nest of this bee in a tree, and found 
it to be much infested by black ants anxious to obtain entrance 
to it ; three bees, however, stood sentinel in the entrance, so as to 
completely block it and keep out intruders, but the middle bee 
moved on one side out of the way directly one of its fellows 
wislied to come in or out of the nest. The honey accumulated 
by this species is kept in clusters of cups about the size of a 
pigeon’s egg, at the bottom of the hive and away from the brocxl- 
cells. The queen or mother-bee is lighter in colour than the 
others, and has the hind body twice the length of theirs. 

Hookings ^ has given us some details as to the natural history 
of two of these bees tliat inhabit Australia, where they are called 
Karbi ” and Kootchar,” the first being, it is supj)Osed, Trigona 
cm*ho7iarm, Smith: it is usually about three -sixteenths of an 
inch in length, the queen, when fully developed, being nearly 
twice that length. The comb is built in a most peculiar form, 
being, it is said, in the shape of a spiral staircase, and tapering 
towards the ends : honey-pots and pollen are constructed for 
the storage of food. The comb is encased in wax, and outside it 
a labyrinth of waxen passages is formed. The entrance to the 
colony is guarded by a line of bees wlio inspect every one that 
arrives, and it is surprising to see how soon a stranger is dis- 
covered and pounced upon before it has time even to alight ; the 
intruder, when caught, is held hy several bees, who put it on the 
rack by holding and stretching out its limbs to their full extent, 
retaining it in this position for as long as an hour, by which time 
the unfortunate prisoner is usually dead. These bees, as well as 
many other allied species, fight desperately with their mandibles, 
and are apparently of a very fierce disposition. The other 
species, called “ Kootchar,” is said to x>roduce a very large number 
of drones, and the habits and dispositions of the bees differ con- 
siderably from those of the Karbi ” : the entrance to their hive is 
guarded by a pipe of j)ropolis (a sort of resinous wax) about an inch 
in length, having an exceedingly sticky outer edge, and it is by this 
pipe alone that access to the interior can be gained. At night 
the entrance is closed by numerous minute globules of semi-lluid 
gum placed against it, thus forming a thin wall full of air-holes. 

^ Tr. mt. Soc. London, 1884, p. 149. 
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The colonies of Xootcliar ” can be united by taking* a, ([ueeu 
and then packing her brood-nest, bees and all, against that of 
the colony it is to be joined to. This cannot be done with. th(i 
“ Karbi.'’ The account given by Mr. Hockings contains n greiit 
many other interesting details, and there can be no doubt thaf 
a full account of the natural history of these Insects would be 
very instructive*. 

Fritz Muller has recorded a singular case beainng on the 
instinct of these social Insects : he says that a nest of* a small 
Trigonci was built in a hollow tree, and that as a c()nse(pienc(‘. of 
the irregularity of the hole the bees were obliged to give a very 
irregular shape to their combs of honey. Tliese betis winxi 
captured and put in a spacious box (presumably together witli 
the irregular comb, but this he unfortunately does not mention) : 
after a year, “ when perhaps not a single bee survived of those 
which had come from the canella tree,'’ they still continued to 
build irregular combs, though quite regular combs were built by 
several other communities of the same species that he ha,d k(.‘pt. 
These bees, he also tells us, do not use pure wax for the construc- 
tion of their combs, but mix it with resin or gum that gives it a 
peculiar odour and appearance. He captured two communities 
of a common Melijpona, one of which had the coml)S made of dark 
reddish brown, the other of pale yellowish brown, wax, and in 
captivity in a distant locality each of the two communities 
continued to form its comb in the same way, thus showing the 
continuity that prevails in these cases as long as circumstances 
permit. Muller thinks this due to imitation, but it seems at 
least as probable that- it is due to perception of the properties of 
the nest.. The nest has a certain colour that the worker-bee 
matches. 

Several species of the Melijpona and Trigona were imported 
from Brazil to France, and kept there for some time in captivity 
by M. Drory. Girard has published^ some details as to these 
colonies, and is of opinion that some of them indicate an in- 
telligence or instinct superior to that of the honey-bee. The 
queen -bee of M. scutellciTis seems to display more intelligence 
than the corresponding sex of A. mellifica. The mode of feeding 
the larvae apparently differs from that of A. mellifica^ a provision 
of pollen being first placed in the cell, then some honey ; when 
^ A7171, Soc. ent, France (5), iv. 1874, p. 567. 
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sufficient food for the whole consumption of a larva is accumulated 
the queen deposits an egg in the cell, which is at once completely 
closed by the worker. The interior of the abode of these bees is 
quite dark, only a. very small orifice being left, and in tliis a sen- 
tinel is constantly on the alert. The same writer states that 
Trigona erassipes has the very peculiar habit of always locating 
its brood-comb in the nest of a species of Temies. 

The honey-bee, Apis mellifica (Yig. 6), is considered the highest 
form attained by the Anthophilous division of the Hyrnenoptera. 
The differentiation of the tliree forms, male, female, and worker, 
is here carried to a greater degree of perfection than in the other 
bees. The drones are tlie males ; the individuals we see gather- 
ing honey are always workers, neither the male nor tlie female in 
this species taking any part in procuring food for themselves or 
for the colony. In addition to this the colonies formed may be 
described as permanent : they do not come to an end at the close 
of one season, and provision is made for the formation of a new 
colony while the old one still persists, by means of a pecxdiar pro- 
cess called swarming. Tlie life-history of A 2 ns mellijica and its 
anatomy and physiology have been discussed in a whole library 
of works, and we need only notice the chief features. When a 
swarm of bees leaves a hive it consists of the queen-bee or 
female, and a number of workers, these latter being, in fact, the 
•surplus population that has been produced in the hive. The 
swarm is not a nujxtial fliglft, as is often supposed, but ^in act 
of emigration. When this swarm lias been housed, the liees 
commence operations in their new quarters, by secreting wax ; 
they are enabled to do this by having consumed much saccharine 
food ; the wax is produced by means of glands in the hind-body 
over the inner faces of the ventral plates of the alidominal rings, 
and it makes its appearance there, after passing from the interior 
of the body through some peculiar membranes on the ventral 
segments, in the form of thin projecting plates. These the bee 
takes off with an apparatus on the hind pair of legs and applies, 
after working up with the mandibles, to form the cells in 
which young ones are to be reared and food stored. A large 
number of bees working in common thus produce the regular 
and beautiful structure known as the comb ; the queen afterwards 
lays an egg in each cell, and as these soon hatch, great labour is 
thrown on the workers, whicli have then to feed the young ; this 
VOL. VI F 
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tliey do by eating honey and pollen-, -which, being iorined iiitn a. 
sort of pap) by a paortion of their digestive organs, is then re- 
giu’gitated and given to the young, a quantity ot it being placed 
ill the cell, so that the larva is bathed by it, and possildy may 
absorb the food by the skin as well as the inoiitli. When the 
colony is in good progress and young bees emerge, these act a,s 
nurses, the older ones cease to prejiare food and {ict as foragers, 
bringing in honey and pollen which are each stored in st‘p>ara,t(3 
cells. The larva in the cell increases its size and slieds a V(‘ry 
delicate skin several times; when the larva lias readied its 
full size no more food is supplied, but the worker-l)ees seal up 
the cell hy means of a cover formed of pollen and wax, in such a, 
manner as to he pervious to air: sealed up in tlie cell the larva 
spins a cocoon for itself, remains therein for a little tiincj as a 
larva, then changes to a pupa, and thereafter bites its way out 
through the cover of the cell, and appears for tlie first time a,s 
a new being in the form of a worker-bee ; tlie whole process of 
developmient from the egg-state to the perfect condition of tlio 
worker-bee occnjiies about three weeks. 

When the denizens of a hive are about to jiroduce anotlnn* 
queen, one or more royal cells are formed; these aie much 
larger than the ordinary worker-cells, and of a ([iiite different 
form. In this cell is placed an egg, not differing in any respect 
from the egg that, if placed in an ordinary cell, piroduetis a 
worker; when the egg has produced a larva tliis is tended with 
great care and fed throughout its life -with royal jelly. This 
food appears to be the same as that siipjjlied to an ordinary 
worker-larva when it is first hatched ; but there is this differ- 
ence, that whereas the worker-larva is weaned, and supplied, 
after the first period of its existence, witli food consisting largely 
of honey, pollen and water, the queen-larva is supplied witli the 
pap or royal jelly until it is full grown. Some difference of 
opinion exists as to this royal jelly, some thinking that it is a 
different substance from what the workers are. fed* with ; and it 
is by no means improbable that there may be some difference in 
the secretion of the glands that furnish a part of the material 
composing the pap. The queen is produced more rapidly than 
workers are, about sixteen days being occupied in tlie process of 
her development. Only one queen is allowed in a liive at a 
time ; so that when several queen-cells are formed, and queen- 
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larvae nurtured in them, the first one that is developed into a 
perfect queen goes round and stings the royal nymphs to death 
while they are still in their cells. The production of drones is 
supposed to depend chiefly on the nature of the egg laid hy the 
queen ; it being considered that an unfertilised egg is deposited 
for this purpose. Tliere is still some doubt on this point, how- 
ever. Though there is no doubt that drones are produced in 
great numbers from unfertilised eggs, yet there is not evidence 
that they cannot also be produced from fertilised eggs.^ The 
drone-cells are somewhat larger than the ordinary worker-cells, 
but this is probably not of much import, and it is said tliat the 
larvae intended to produce drones receive a greater proportion of 
pap than worker-larvae do : about twenty-four days are required 
to produce a drone from the egg. 

Trom this sketch it will be seen that the production of the 
worker (or third sex, as it is improperly called, the workers 
being really females atrophied in some points and specially 
developed in others) is dependent on the social life, in so far at 
any rate as the special feeding is concerned. There is good 
reason for supposing that A. mdlifica has been kept in a state of 
domestication or captivity for an enomious period of time ; and 
this condition has probably led to an increase of its natural 
peculiarities, or perhaps we should say to a cliange in tliem to 
suit a life of confinement. This is certainly the case in regard 
to swarming, for tliis process takes place with comparative 
irregularity iu A]}U rriellifica in a wild condition. The killing of 
superliuous queens is also probably a plienomenon of captivity, 
for it varies even now in accordance with the numbers of tlie 
colony. It is interesting to notice that in confinement when a 
swarm goes from the hive it is the old queen that accompanies 
it, and this swarm as a rule settles down near tlie old hive, so 
that the queen-bee being already fertilised, the new swarm and 
its subsequent increase are nothing but a division of the old 
hive, the total products of the two having hut a single lather 
and mother. When a second swarm goes off from a hive it is 
accompanied hy a young queen, who frequently, perhaps, in tlie 
majority of cases, is unfertilised ; this swarm is apt to fly for 
long distances, so that the jjrobahility of cross-fertilisation is 

’ See Perez, Act. aS'oc. Bordeaux^ xxxiii. 1880, p. Ixv. ; and Cameron, Tr. Soc. 
Glasgow i n. s. li. 1889, p. 194. 
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greatly increased, as the fertilisation of the young new queen is 
effected during a solitary flight she makes after the colony has . 
settled down. But in a state of nature the colonies do not send 
off swarms every year or once a year, but increase to an enormous 
extent, going for years without swarming, and then when their 
home is really filled up send off, it may be presumed, a number 
of swarms in one year. Thus the phenomena of bee-life in a 
wild condition differ considerably from those we see in artifi- 
cial confinement. And this difference is probably greatly accen- 
tuated by the action of parasites, the proportions of which to their 
guests are in a state of nature liable to become very great ; as 
we have seen to be the case in Bomhus, 

Under these circumstances it is not a matter for surprise 
when we find that the honey-bee has formed distinct races 
analogous to those that exist in the case of the domesticated 
vertebrate animals. The knowledge of these races is, however, 
at present very little advanced, and is complicated by the fact 
that only imperfect information exists as to the true species 
of the genus A;pis. There is a bee very like our common honey- 
bee found in southern Europe called A. ligustica ; this is 
certainly a variety of A, mellifica, and the same remark applies 
to a bee found in Egypt, and called A. fasciata. This gives the 
honey-bee a very wide distribution, extending possibly over the 
whole of the palaearctic region : besides this, the species has been 
introduced into various other parts of the world. 

According to Karsch the honey-bee shows in Germany several 
varieties, all of which belong to the northern form, which may 
be spoken of as the A. domestica of Eay ; the A. ligustica and A. 
fasciata form as we have said distinct races, and it is a remark- 
able fact that these races remain distinct eYen when imported 
into other climates ; though for how long a period of time this 
remains true there is very little evidence to show. The northern 
form, A. domestica, is now found in very widely separated parts 
of the world, in some of which it is wild ; Smith mentions it 
as occurring in the West India islands, throughout the North 
American continent as far south as Mexico, even in Central and 
Southern Africa, and in Australia and New Zealand. The var. 
ligustica has been found also at the Cape of Good Hope. The 
other species • known of the genus A;pis all belong to the Old 
World, so that there is very little doubt that A, mellifica is also 
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a true native of the eastern liemisphere, and its original lionie 
may possibly have been not far from tlie shores of tlie (;{i, stern 
portion of the Mediterranean sea. Seven or eight other species 
of Apis are known, all but one of wliicli occur in Asia, ex- 
tending as far as Timor and Celebes. The exceptional one, A. 
adansonii, occurs in tropical Africa and 
in Madagascar. Gerstaecker thought 
these species might be reduced to four, 
but Smith’s statement that the males 
and even the workers show good dis- 
tinctive characters seems to be correct. 

Yery little is known as to the lioney- 
hees of China and Japan. 

The queen-bee greatly resembles the 
worker, but has the hind body more 
elongated ; she can, however, always be 
distinguished from the worker by the 
absence of the beautiful transverse, 
comb-like series of hairs on the inner 
side of tlie first joint of the hind foot, 
the planta, as it is called by the bee- 
keeper : she has also no wax plates and 
differs in important anatomical peculi- 
arities. The male bee or drone is very 
dijfferent, being of much broader, more 
robust build, and with very large eyes 
that quite meet in the middle of the 
upper part of the head : lie also has the 
hind leg differently shaped. The form of 
this limb enables the male of A. mellifica 
to be distinguished from the correspond- 
ing sex of allied species of the genus. 

We are indebted to Horne for some 
particulars as to the habits of A. clorsata, 
an allied East Indian species. He informs 
us that these bees greatly disfigure buildings, such as the Taj Mahal 
at Agra, by attaching their pendent combs to the marble arches, 
and are so pertinacious that it is almost useless to destroy the 
nests. This bee is said to be so savage in its disposition that it 
cannot be domesticated ; it attacks the sparingly clad Hindoos 






Fio. 2r).”-Portioi)H of lihid-faet, 
1, of iriale, 2, of worker, 3, 
of (jiieeii, of tlio honey-bee ; 
series on the left, outer 
% faces ; on tlie right, inner 
faces, Tip of tibia; 
first joint 0 , second joint 
of tarsus. 
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with great ferocity when they disturh its nest, hiot withstand- 
ing its inclination and power to defend its societies this Insect 
appears to be destroyed wholesale. Colonel Kamsay failed to 
establish hives of it, because the Insects were eaten up by lizards. 
The crested honey-buzzard carries off large portions of the comb, 
and devours it on a branch of some tree near by, quite regardless 
of the stings of the bees; while the fondness of bears for the 
honey of the “ Dingar,” as this species is called, is well known. 


Note to P. 33 : It lias just been discovered tliat a most i'einai*kal>le 
symbiosis, with structural modification of the bee, exists between the females 
of Xyloco 2 M, of the Oriental sub-genus Koptorthosoma^ and c-ertain Acarids. 
A special chamber, w'ith a small orifice for entry, exists in the alxlonien of 
the bee, and in this the Acari are lodged. — See Perkins, Ent Mag. xxxv. 
1899, p. 37. 


Note to P. 80 : referring to the habits of social wasps in warm countries. 
The anticipation we ventured to indulge in is shown to be correct l)y the 
recent observations of Von Ihering.^ He states that social wasps in ]h*a/il 
may he divided into two great groups by their habits, viz. 1. Suiniiier com- 
munities, lasting for one year, and founded annually by fertilised females 
that have hibernated — example, Polistes ; 2. Perennial communities, founded 
by swarms after the fashion of hce colonies — examples, PolyhiUj Charter (j'ns. 

^ Ann. Nat. Hist. (6), xix. 1897, j). 136. 


Note to Vol. V. Pp. 545, 546 : The development of Encyrtus fuscdcollu 
has now been studied by Marchal, who has discovered the existence of 
embryonic dissociation. The chain of embryos and the epitlielial tnlie in 
which they are placed, are formed as follows : the Encyrtus deposits an egg 
in the interior of the egg of the Hyponomeuta. This does not kill the egg 
of the Lepidopteron, Imt becomes included in the resulting catei*pillar- The 
amnion of the Chalcid egg lengthens, and forms the epithelial tul>e ; while 
the cells within it become dissociated in sucli a way as to give rise to a 
chain of embryos, instead of a single embryo. — G.R. Ac. Farisj cxxvi. 1898. 
p. 662, and translation in Ann. Nat. Hist (7), ii. 1898, p. 28. 


CHAPTER II 


H YMB]NOrTERA ACULEATA COiVT/NU'/a) 1 )T VISION I L D IPLOPTER A 

OR, WASPS EUMENIDAE, SOLITARY ^J’RUE WASPS VESPIDAP; 

SOCIAL WASPS AIASAUIDAE 


Division II. Diploptera — Wasps. 

■t 

in repose; the pronotmn 


Anterior wings lo-ngif/ndma^^^ plimte 
erAendiiig hach, so as to form 
on each side a.n angle reposing 
on the tegula ; the basal seg- 
7tie/nis of idle kind body not 
bearing nodes or ' scales ; the 
hind tarsi for^ned for simple 
walking. The S 2 mjyLe.s either 
solitary or social in their 
luihits; some existing in three 
forms, nudes, females, and 
workers. 



Fig. 26. — Upper aspect of ]>roiJotiiiin 
and rnesonotimi of a wasp, Kume- 
7ms coivi'cUda. a, Angle of prono- 
tiiin ; A tegula ; c, base of wing ; 
d, luesonotiiiii. 


This division of Hymenoptera includes the true wasps, liiit noL 
the fossorial wasps. The name applied to it has been suggested 
by the fact that the front wings become doubled in the long direc- 
tion when at rest, so as to make them appear narrower than in 
most, other Aculeata ^(Fig. 27). This character is unimportant 
in function so far as we know,^ and it is not quite constant in 
the division, since some of the Musaridae do not exhibit it. The 
character reappears outside the Diploptera in the genus Leucospis 
— a member of the Chalcididae in the parasitic series of Hyrnen- 
optera — the species of which greatly resemble wasps in coloration. 
A better character is that furnished by the well-marked angle, 

’ Janet lias suggested that tlie folding is done to keep the delicate bind-margins 
of tlie wings from being frayed. 
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formed by the proiiotum on the dorsal part (hig. 2G). J)y a 
glance at this part a Diplopteroiis Insect can always be readily 
distinguished. 

Three families are at present distinguished in the Diplop tera, 
viz, Eumenidae, Vespidae and Masaridae. We anticipate that 
Eumenidae and Vespidae will ultimately be found to constitute 
but one family. 


Pam. 1- Eumenidae — Solitary True Wasps. 


Claws of the feet toothed or hifid ; middle tibiae with only one 
s^mT at tif. Social asseniblages are not formed, and there is 
no umicer-caste, the duties of nest-constrmtion, etc., being 
goerformed solely by the female. 


The Eumenidae, or solitary wasps, are very little noticed by 

the ordinary observer, but they are nevertheless more numerous 

than the social Vespidae, about 800 

species being known. In Britain we 

have sixteen species of tlie solitary, as 

against seven of the social wasps. 

The Eumenidae exhibit a considerable 

diversity in form and structure ; some 

of them have the pedicel at the base 

of the abdomen very elongate, while 

in others this is so short as to be 

imperceptible in the ordinary position 

of the body. A repetition of similar 

differences of form occurs in the social 

wasps, so that notwithstanding the 

Burma. The wings on the left difference ill hahits there seems to he 

in the position of repose, to no satisfactory way of distinguishing 
show folding. , ^ j? -t ^ 

the members of the two families ex- 
cept by the structure of the claws and tihial spurs. 

Fahre has sketched the habits of a species of Uumenes, 
probably JE. 'pomiformis. This Eumenes constructs with clay a 
small vase-like earthenware vessel, in the walls of which small 
stones are embedded (like Fig. 28, B). This it fills with food 
for the young. The food consists of caterpillars to the number 
of fourteen or sixteen for each nest. These caterpillars are 
believed to be stung by the parent-wasp (as is the case in the 



DIPLOin’KRA WASPS — EUMKNIDAr: 


J J 



fossorial Ilymenoptera), ])ut complete e.vidcnwi of tlii.s does not 
seem to be extant^ and if it be so, tlie stinging does not 
completely deprive the caterpillars of tlie cfipacity of niovement, 
for they possess the power of nsirig their imuidibles and of 
making strokes, or kicking with the posterior part of the body. 
It is clear tliat if the delicate egg of tlie Euimynes or the deli- 
cate larva that issues from it were placed in the midst of a 
mass of this kind, it would probably 
suffer destruction ; therefore, to 
prevent this, the egg is not placed 
among the caterpillars, but is sus- 
pended from the dome covering 
the nest by a delicate thread 
rivalling in fineness the web of the 
spider, and being above the mass 
of food it is safe. When the 
young larva leaves the egg it still 
makes use of the shell as its liabit- 
ation, and eats its first meals 
from the vantage -poiiit of this 
suspension; although tlie mass of Pno. 28.---Niaiacatioiiof.s()litary wa-sps: 
the food grows less by consumption. - t; 

the little larva is still enahled to arhustorum. a. The suspended egg 
reach it by the fact that the egg- 
shell splits up to a sort of ribbon, 

and thus adds to the length of the suspensory thread, of which it 
is the terminal portion. Finally the heap of caterpillars shrinks 
so much that it cannot be reached by the larva even witli the 
aid of the augmented length of tiie suspensory thread ; by tliis 
time, however, the little creature has so much increased in size 
and strength that it is able to take its place amongst tlie food 
without danger of being crushed by the mass, and it afterwards 
completes its metamorphosis in the usual maimer. 

It is known that other species of Eumenes construct vase- 
like nests ; E, unguiculatay however, according to an imperfect 
account given by Perris, makes with earth a closed nest of 
irregular shape, containing three cells in one mass. The saliva 
of these builders has the power of acting as a cement, and of 
forming with the clay a very impenetrable material. One 
species, E.. cocirctata, L. of this genus occurs in Pritain. The clay 
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nests (Fig. 29) of this Insect are often attaclied to tlie twigs of 
shrubs, while those of the two species pueviously inentioued are 

usually placed on oljjects tha,t oiler a 
large surface for fixing the foundations 
to, such as walls. According to (loureau 
the larva of this species forius in one 
corner of its little abode, separated by a 
partition, a sort of dust-heap in wliich 
it accimiulates tlie various deijris re- 
sulting from the consumption of its 
stores. 

JUmnenes conica, according to Horne, 
constructs in Hindostan clay-nests with 
very delicate walls. Tliis species pro- 
coardata: A, ti.e nest visioiis its nest witl) ten Or twelve green 
attached to wood: B, de- caterpillars; 011 0116 OCCasioll this ob“ 

the larva ; 6, the parti- scrver took from 0116 Cell eight green 

tion of the cell. (After caterpillars and one black. It is much 
Andre.) :: . ... 

attacked by parasites owing, it is 
tliought, to the delicacy of the walls of the cells, which are 
easily pierced ; from one group of five cells two specimens only 
of the 3iLw.enes were reared. 

Oilyyierus, with numerous sub-genera, the names of which 
are often used as those of distinct genera, includes the larger 
part of the solitary wasps ; it is very widely distributed over the 
earth, and is represented by many peculiar species even in the 
isolated Archipelago of Hawaii; in Britain we have about fifteen 
species of the genus. The Oclyneriis are less accomplished 
architects than the species of Uumenes, and usually play the 
more humble parts of adapters and repairers ; they live either in 
holes in walls, or in posts or other woodwork, or in burrows in 
the earth, or in stems of plants. Several species of the siih- 
geiius Moplojpiis have the remarkable habit of constrvicting 
burrows in sandy ground, and forming at their entry a curvate, 
freely projecting tube placed at right angles to the main bur- 
row, and formed of the grains of sand brought out by the 
Insect during excavation and cemented together. The habits of 
one such species were described by Eeaumur, of another by 
Dufour; and recently Fabre has added to the accounts of these 
naturalists some important iiiforination drawn from his own 
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observations on 0. rrni/or?nis. Tins Inse.et ])rovisi(His il.s eeii 
with small caterpillars to the number ol‘ twenty or ii|)wa,r(ls (Fir^. 
28, A.) The egg is deposited before tlie nest is stocked with ibod ; 
it is suspended in suc.li a manner tiuit tiie suspensory thread 
allows the egg to reacli well down towards the bottom of the 
cell. The ea,terpillars placed as food in the nest are all (uirled 
up, each forming a ring a,p})roximately adapted to the calibie of 
the cell. Fabre l.)elieves these caterpillars to be partly stupelied 
by stinging, but the act has not l:)een ol)served eitlier by himself, 
Eeaumur, or Dufour. Tlie first caterpillar is eaten by the wasp- 
larva from its point of suspension ; after this first meal has been 
made the larva is supposed to undergo a change of skin ; it then 



Fig. 30 . — Odynerus antilopc 9. Britain. 


abandons the assistance of the suspensory thread, taking up a 
position in the vacant chamber at the end of the cell and draw- 
ing the caterpillars to itself one by one. Tlris arrangement 
permits the caterpillars to be consumed in tlie order in which 
they were placed in the cell, so tliat the one that is weakest on 
account of its longer period of starvation is first devoured. 
Fabre thinks all the above points are essential to the successful 
development of this wasp-larva, the suspension protecting tlie egg 
and the young larva from destruction by pressure or movement 
of the caterpillars, while the position of the larva when it leaves 
the thread and takes its place on the floor of the cell ensures its 
consuming the food in the order of introduction ; besides this the 
caterpillars used are of a proper size and of a species the 
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individuals of which have the habit of rolling themselves up in a 
ring ; while, as the calibre of the tube is but small, they are 
unable to straighten themselves and move about, so that their 
consumption in proper order is assured. Some interesting 
points in the habits of an allied species, 0. (Fterocheihis) sinnipes 
have been observed by Verhoeff ; the facts as regards the con- 
struction and provisioning of tlie cell are almost the same as in 
0. reniformis. The species of Odynerus are very subject to the 
attacks of parasites, and are, it is well known, destroyed to an 
enormous extent by Chrysididae. Yerhoeff says that the wasp 
in question supplied food much infested by entoparasites ; further, 
that a fly, Argyr amoeba simcata, takes advantage of tlie habit of 
the Odynerus of leaving its nest open daring the process of pro- 
visioning, and deposits also an egg in the nest ; the Odynerus 
seems, however, to have no power of discovering the fact, or more 
probably has no knowledge of its meaning, and so concludes the 
work of closing the cell in the usual way ; the egg of the 
Argxjr amoeba hatches, and the maggot produced feeds on the 
caterpillars the wasp intended for its own offspring. Vei'hoeff 
observed that the egg of the wasp-larva is destroyed, but he does 
not know whether this was done by the mother Argyromoeba or 
by the larva hatched from her egg. Tabre’s observations on 
allied species of Diptera render it, however, highly probable that 
the destruction is effected by the young fly-larva and not by 
the mother-fly. 

Mr. E. C. L. Perkins once observed several individuals of our 
British 0. callosus forming their nests in a clay bank, and pro- 
visioning them with larvae, nearly all of which were parasitised, 
and that to such an extent as to be evident both to the eye and 
the touch. In a few days after the wasps' eggs were laid, swarms 
of the minute parasites emerged and left no food for the Odynerus. 
Curiously, as it would seem, certain of the parasitised and stored- 
up larvae attempted (as parasitised larvae not infrequently do), 
to pupate. From which, as Mr. Perkins remarks, we may infer 
that (owing to distortion) the act of paralysing by the wasp had 
been ineffectual. Mr. Perkins has also observed that some of the 
numerous species of Hawaiian Odynerus make a single mud-cell, 
very like the pot of an Eumenes, but cylindrical instead of 
spherical. This little vessel is often placed in a leaf that a 
spider curls up : young molluscs of the genus Aehatimlla also 
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avail tiiemselveK of this shelter, so that a curious colony is formed, 
consisting of the Odynerus in its pot, of masses of the young 
spiders, and of the little molluscs. 

liorne has recorded that the East Indian 0, pu 7 ictitrii is fond 
of a,v<iiliiig itself ot lioles in door-posts where large screws have 
been; after the hole has been filled with provisions, the orifice 
is ('overed over level with the surface of the wood so that it 
elud(‘s human observation. It is nevertheless discovered by an 
Ichneumon-Hy which pierces the covering with its ovipositor and 
(Ic.posits an egg within. 

T\h) genus Alrispa is peculiar to Australia and includes some 
very solitary wasps, having somewhat the appearance of very 
la,rg(i 0(li/nerus : these Insects construct a beautiful nest with a 
l>rojf‘.ctiiig funnel-shaped entrance, and of so large a size that it 
might pass for the habitation of a colony of social wasps; it 
afipiiars, however, that this large nest is really formed by a single 
fen laid 

The species of the genus Rliygcliimii are also of insecticide 
babits, a.nd appear to prefer the stems of pithy plants as the 
nidus for th(3 development of the generation that is to follow 
thciiu. Lichtenstein says that a female of the Eimopean R, 
(Hvid((iuifb forms fifteen to twenty cells in such a situation, and 
destroys 150 to 200 caterpillars, and he suggests that, as it is 
easy to encourage these wasps to nest in a suitable spot, we should 
iitiliHc them to free our gardens from caterpillars, as we do cats 
to clear the mice from our apartments. 

The lllast Indian R, carnaticu^n seems to have very similar 
habits to its European congener, adapting for its use the hollow 
of bamboos. Horne has recorded a case in which a female 
of this species took possession of a stem in which a bee. Megachile 
lanata, had already constructed two cells ; it first formed a parti- 
tion of mud over the spot occupied by the bee, this partition being 
similar to that which it makes use of for separating the spaces 
inteiidcid for its own young. This species stores caterpillars for 
the benefit of its larvae, and this is also the case with another 
Kistern species, R. nitidulum. This latter Insect, however, does 
not nidificate in the stems of plants, but constructs clay cells 
similar to those of Rumenes, and fixes them firmly to wood. 
MhggcJiium hrunneum is said by Sir Eichard Owen to obliterate 
liieroglyphic inscriptions in Egypt by its habit of building mud 
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nests amongst them. An individual of this wasp was found 
by Dr. Birch when unrolling a mummy — '' There l^eing every 
reason to believe that the Insect had remained in the position in 
which it was found ever since the last rites were paid to the 
ancient Egyptian.” 


Fam. 2. Vespidae — Social Wasps. 

Claws of tJio feet sim.jde, neitJier toothed nor hifid, wdddle tihiae 
wiilh hoo spurs at the tip. Insects living in societies, form- 
ing a coninion dwellhig of a papery or card-like material ; 
each generation consists of males and females and of workers 
— imperfect females — that assist the reproductive female hy 
currying on the industrial occupations. 

The anterior wing possesses four submarginal cells, as in the 
Eumenidae. The attention of entomologists has been more 
directed to the habits and architecture than to the taxonomy of 
these Insects, so that the external structure of the Insects them- 
selves has not been so minutely or extensively scrutinised as is 
desirable ; de Saussure, the most important authority, bases his 
classification of the Insects themselves on the nature of the nests 
they form. Tliese habitations consist of an envelope, protecting 
cells similar in form to the comb of the honey-bee, but there is 
this important difference between the two, that while the bee 
forms its comb of wax that it secretes, the wasps make use of 
paper or card that they form from fragments of vegetable tissue, 
— more particularly woody fibre — amalgamated by means of 
cement secreted by glands ; the vegetable fragments are obtained 
by means of the mandibles, the front legs playing a much less 
important part in the economy of the Vespidye than they do in 
that of the bees and fossorial Hymenoptera. 

In most of the nests of Vespidse the comb is placed in stages 
or stories one above the other, and separated by an intervening 
space, but in many cases there is only one mass of comb. It is the 
rule that, when the cells of the comb are only partially formed, eggs 
are deposited in them, and that the larva resulting from the egg 
is fed and tended by the mother, or by her assistants, the workers ; 
as the larvae grow, the cells are increased in correspondence with 
the size of the larva ; the subsequent metamorphosis to pupa and 
imago taking place in the cells after they have been entirely 
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’I’lic food siippli,.,! is i.r a varied nature aceordiug to 
till' siiiM-ii's, licing eithia iuiiinal or vegetable, or both. 

Altliiiugh 1bi‘ nests of the social wasps are very elaborate con- 
st nii-t mtis, yet, tjiey Serve tlie purposes of the Insects for only a 
single si'iisiiii. 'riiis is certainly the case in oiir own country. 

is cninnienwd liy a single female or queen; she 

at lirst |.err<ii-nis unaided all the duties for the inauguration of 

Fig. 31. — Section of the 
subterranean nest of the 
common wasp, T 'espa 
cjermanica^ in position. 
(After Janet.) a, One 
of the chambers of an 
ant’s nest, Lasiusflavus^ 
placed above the wasps’ 
nest ; h, root to which 
the first attachment of 
the nest was made ; c, 
secondary attachments ; 
d, the first-made attach- 
ment ; e, a flint within 
the envelopes of the 
nest ; /,the chief suspen- 
sory piillar of the second 
layer of comb ; g, lateral 
galleries ; A, one of the 
secondary pillars of 
suspension between two 
layers of comb ; f, the 
layers of wasp -paper 
forming the envelope of 
nest ; y, vacant space 
round the nest ; X-, flints 
that fell to the bottom 
during the work of ex- 
cavation ; numerous 
larvae of a fly, Pegmiiyia 
vertically in ground lieneath the nest; to the layers of comb, 

in nr’ 11m* h-eils arc indicated , in (al)ove the main figure) the arrangement of the 

thiee fclin r« inning tim commencement of the new layer of comb, w7, is shown; w, 
of from .surface ; o, burrow of a mole ; j??, interval of 90 mm. between top 

livfh .‘umI .surface ; </, height of tlie ne.st, 163 mm. 



flin polnny ; she lays the foundation of the cells, deposits the 
eggs in them, ie.e(lK the young, and thus rears a brood of workex’S 
tha t id, once iissist her, and for the future relieve her of a con- 
Kidi'i'iihle portion o! her fonner occupations; the nest is by them 
itddeil td and iacreiiHcd, till the cold weather of the autumn is at 
lijtnd ; jit this time many male.s and females are produced; the 
ciihi vvoidher (iithcr destroy.s the inhabitants of the nest, or re- 
du<'c,s their vitiility so tlnit it is impossible for them to pursue- 
Hinx-essfully the avociitions necessary for their subsistence, and 
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they succumb to adversity. The young females, however, hiber- 
nate, and each one that lives through the winter is the potential 
founder of a new nest in the way we have already described. It 
might be supposed that in tropical countries where no cold 
season occurs the phenomena would be different, that the colonies 
would be permanent, and that the nests would be inhabited until 
they were worn out. De Saussure, however, informs us that this 
is not the case, but that in the tropics also the colonies die off 
annually. “ The nests are abandoned,"' he says, '' without it being 
possible to discover the reason, for apparently neither diminution 
of temperature nor scarcity of food cause them (the Insects) to 
suffer. One is tempted to suppose that the death of the Insects 
is the result of a physiological necessity.” 

Nests of Social Wasps. — In Europe wasps’ nests disappear 
very soon after they are deserted. As it would appear from de 
Saussure's conclusions that in the tropics as well as in the temperate 
regions the rule is that the colonies endure only a portion of one 
year, and that a new nest is commenced by a single founder once 
in twelve months, it is a somewhat remarkable fact tliat some 
tropical wasp-nests are much more durable than the lives of the 
inhabitants require, so that solidly constructed nests are often 
found hanging to the trees long after they have been deserted, 
and are sometimes overgrown with moss. Cuming has recorded, 
the fact that he found in South America an old wasp-nest that had 
been taken possession of by swallows. We do not assign, how- 
ever, much importance to the views of de Saussure, because we 
may anticipate that enquiry will reveal much variety in the 
habits of tropical and sub-tropical wasps. It is known that 
species exist that store up honey, after the fashion of bees, and 
von Ihering has recently shown ^ that in Brazil, species of several 
genera form new colonies by swarming, after the manner of bees. 
So that it is possible that certain colonies may remain for a long 
period in the same nest. 

Much more variety exists in wasps’ nests than would be sup- 
posed probable; those formed by some of the tropical species of 
Yespidae are enveloped in so solid and beautifully constructed an 
envelope of papier-mach^, that they resist with complete success 
the torrential* rains of the tropics ; while some of those found in 
our own country are made of extremely soft and delicate paper, 
^ Zool. Anz. xix. 1896, p. 449. See also note, antecc, p. 70. 
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wliicli is. probalily cliieliy glaiidula,r })ro(lucts. Our liritisli 
Yespidae niimljer only eight species, all Ijelonging to tlie one 
genus Vespa, and yet they exliihit three different niodes of 
iiidification. Vespa r/ulgaHs, V. germcmica and V. rvj'a form 
subterranean nests, while V, arhorcAi, V. syhestris and V. norvegim 
suspend their habitations from the laanches of trees, Imshes, or 
strong annual plants. Vespa cralro, the hornet, usually adopts 
an intermediate course, forming its nest above ground, but in a 
spot where it is protected ’ and concealed. 

The favourite habitat of this formidable 
Insect is the interior of an old tree, but 
the hornet will sometimes avail itself of 
the protection of a thatched roof. Both 
it and other arboreal species are said, 
however, to occasionally make subter- 
ranean nests. It is ascertained that 
V. austriaca, the eighth species, is an 
inquiline. 

De Saussure,^ the monographer of the 
social wasps, classifies them according to 
the architecture of their nests. He estab- 
lishes three groups: (1) Stelocyttares, in 
which the layers of comb are not con- 
nected with the envelope, but are sup- 
ported by pillars made by the wasps (Big. 

31); (2) Poecilocyttares, an unsatisfac- 
tory group of which tlie chief character- 
istics appear to be that the nest is always 
covered by an envelope, and the comb is 
supported by an object sucli as the branch 
01 a tree, round, or on, which the envelope envelope partly 

is placed (Fig. 32); (3) Phragmocyttares, open ; o, entrance. 

Ill which the layers oi comb are supported, 

in part or entirely, by the envelope of the nest, communication 
being effected by a hole in each layer of the comb (Fig. 33). 
de Saussure's classification is far from satisfactory. There are 
many social wasps that construct nests destitute of any pro])er 
envelope ; as an example of this, we may mention the species of 

^ MonograjpJiie des gu^pes sociales, Geneva, 1853-1858, pp. cc. and 356, plates 
i. -xxxvii. 
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the abundant genus Polistes ; these Insects make hexagonal cells, 
of paper -like material, forming an irregular comb, or mass, 
attached to hushes by a stalk near its centre ; these nests are 
placed so that the mouths of the open cells look downwards. 
The species of Isohnogaster (Fig. 34) make layers of comb, con- 
nected by a pedicel, but without any envelope ; these Insects 
form a section of Stelocyttares called Gymnodomes. 

Most of the nests of the Poecilocyttares have only a single 
layer of comb. The wasps of the genera Synoeca and Folylia 
have the habit of spreading a layer of cells on a leaf, or on the 
bark of a tree, and of covering this with an envelope that is 
pierced by a single orifice only, but that does not rest on the 
cells, and so allows circulation of the Insects between the cells 
and the envelope. This appears to be the arrangement in a 
nest of Synoecd cyaneco preserved in the British Museum ; in 
this construction a large layer of cells is moulded on the branch 
of a tree, whose contour, for a length of two or three feet, it con- 
seq^uently follows ; while outside the mass there is placed a con- 
tinuous envelope, leaving a considerable distance between it and 
the cells. 

It would be impossible in the space at our disposal to give a 
satisfactory account of all the forms of wasp-nests, and we must 
therefore refer the student to de Saussure's work, confining 
o-urselves to a brief notice of some specially interesting forms. 
The habitation of the Brazilian Polylia {Myrajpetrct) smtellaris 
is a very solid, closed structure, covered externally with rougli 
knobs or angular projections. Although of very large size — 
it may be upwards of two feet in length — it is suspended from a 
branch, and has but one orifice; the arrangement of the combs 
in the interior is that of the Phragmocyttares, they being 
firmly attached to the outer envelope, and so placed as to form a 
curved surface, the convexity of which is downwards : the number 
of wasps in a well-developed nest of this kind must be very great. 
This species is said to be a honey-gathering wasp. 

One of the best known of the South American wasps’ nests is the 
construction (Fig. 33) of Chartergus chartarius ; these nests are so 
regularly shaped, and formed of papier-mach4 so compact and solid, 
as to look like stone : this edifice is attached in a very firm manner 
to the branch of a tree, and has a single portal of entry beneath ; 
its interior arrangement is much like that of Myrapetra soutellarL% 
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A very reina,rkable wasp’s nest is preserved in tlie British 
Museum of JS^atural History ; it is considered to 1)e tlie work of 
Montezumia dimidiata Satiss. an Eumenid 
wasp ; it is a large mass of cells encircling 
the branch of a tree, which therefore pro- 
jects somewhat after the manner of an 
axle through the middle: the cells are 
very numerous, and are quite as regular 
as those of the most perfect of the combs 
of bees : the mass is covered with a very 
thick layer of pajjer, the nest having 
somewhat the external appearance of half 
a cocoa-nut of twice the usual size. 

A^poica pallida, a South American 
Insect, forms a nest in a somewhat similar 
manner to Folistes, but it is covered on 
its outer, aspect by a beautiful paper 
skin, so that the nest looks somewhat 
like a toadstool of large size attached 
to the branch of a tree. 

The nests of the Insects of the genus Folybia — which we 
have already mentioned as located by de Saussure in his unsatis- 
factory group Poecilocyttares — usually have somewhat the form 
and size of pears or apples suspended to twigs of trees or bushes ; 
these little habitations consist of masses of cells, wrappecL in 
wasp-paper, in which there are one or more orifices for ingress and 
egress. Smith says that the combs in the nest of F. pygmaea 
are of the most exquisite construction, and that it is by no 
means an uncommon circumstance to find the outer envelope of 
the nest ornamented with patches of delicate hexagonal tracery. 
This nest is about the size of an orange. 

We have already noticed the variety of nests formed by our 
British species of the genus Vespa ; in other parts of the world 
the edifices formed by species of Vespa attain a very large size. 
F. crabroniformis in China, and F. velutina in India, make nests 
several feet or even yards in length, inhabited by an enormous 
number of individuals ; they are apparently constructed of a 
material like brittle paper, and are arranged much like the 
nests of our British hornet, F. embro. Vespa orientalis mixes a 
considerable qxianlity of earth with the paper it uses for its 



Fig. 33. — Section of nest of 
Charter gus chartarius. 

. South America. 0 , Entrance. 
(After de Saussure.) 
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constructive efforts. In tlio British MuHeuin collection tliere is 
a nest said to be that of the Japanese lioriiet, F. ja/ponica. Tliis 
is completely covered by a paper envelope, and has apparently 
only a single small orifice for ingress and egress. In the same 
collection tliere is a nest from Bahia (believed to be tliat of 
a social wasp, though of what species is indviiown), the outer 
wall of which is apparently formed entirely of ea,rth, and is a 
quarter or half an incli tliick : the comb inside appears also to 
be formed of clay, tlie whole forming an elaborate construction 
in pottery. One is tempted to Iielieve it may prove to be the 
production of a social Eumenid. 

Habits of Social Wasps. — We have already briefly noticed 
the way in which a colony of wasps is founded, but some further 
particulars as to the mode in which the society is increased and 
developed may he mentioned. The queen-wasp makes at first only 
a very small group of three or four incomplete cells ; each cell is at 
first circular, or nearly so, and moreover is of smaller diameter than 
it will afterwards be. In each of the first three or four incomplete 
cells an egg is laid, and more cells are commenced ; but as the 
eggs soon hatch and produce larvae that grow rapidly, the labours 
of the queen-wasp are chiefly directed to feeding tlie young. At 
first she supplies them with saccharine matter, which slie pro- 
cures from flowers or fruits, but soon gives them a stronger diet 
of insect meat. This is procured ])y chasing living Insects of 
various kinds. Some species of wasps prefer particular kinds of 
Insects, and the hornet is said to be very fond of the honey-lxie, but 
as a rule Diptera are the prey selected. When an Insect has been 
secured, the hard and innutritions parts are bitten off, and the 
succulent parts, more especially the thorax which contains chiefly 
muscular tissue, are reduced to a pulp by means of the mandibles ; 
this is offered to the larvae, which are said to stretch out their 
heads to the mother to receive the food, after the manner of nest- 
ling birds. When a larva is full grown it spins a cocoon in the 
cell and changes to a pupa. It is said by some entomologists 
that the queen-wasp closes the cell for the purpose of the larval 
metamorphosis ; but this is contradicted by others, and is prob- 
ably erroneous. In about a month, or a little less, from the 
time of deposition of the egg, the perfect Insect is ready for issue, 
and almost immediately after leaving its cell it assists in the 
work that is going on for the development of the society. The 
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Insects produced at this early period of the colony are exclusively 
workers, ie. imperfect females. They relieve the <|iieeii of 
the task of supplying the larvae witli food, and she lieiiceforth 
remains within the nest, being, it is said, lierself fed by her 
workers; the society now rapidly increases in nuinhers, and fresli 
cornhs are formed, the upper layer being always the oldest. 
About the month of August, cells of larger size tha,n those tliat 
have previously been constructed are formed, and in tliese males 
and perfect females are produced ; in a lew weeks after this the 
colony languishes and becomes extinct. When it is no longer 
possible for the enfeebled wasps to carry out their tasks of feeding 
the brood, they drag the larvae out of the cells and destroy them. 
All uncertain number of queen-wasps seek protected nooks in 
which to pass tlie winter, and each of these queens may be the 
founder of a nest in the ensuing spring. It should be remarked 
that de Saussure states that all the intermediate grades between 
perfect and imperfect female»s exist, and Marchal’s recent observa- 
tions confirm this. There is in fact no line of demarcation 
between worker and queen in the wasps as there is in the honey- 
bee. Von Siebold long since drew attention to tlie existence of 
parthenogenesis in certain species of wasps, and it appears X)r cit- 
able that it is of common occurrence. 

Our knowledge of the social life of European wasps has 
recently been much increased by the oliservations of two Erench 
naturalists, R Marchal and C. Janet. The latter lias given 
an elaborate history of a nest of the hornet, sliowing the rate 
and variations of increase in numbers. His o])servations on this 
and other species indicate that warmth is of tlie utmost im- 
portance to wasps ; the Insects themselves create a consider- 
able amount of heat, so that the temperature of their abodes is 
much greater than that of the air. He considers tliat in Europe 
an elevated temperature is essential for the development of tlie 
individual,^ and that the chief object of the various wrappers of 
paper with which the Insects surround their nests is to keep 
up this high temperature. These envelopjes give a great deal 
of trouble to the Insects, for they have to be repeatedly 

^ Hence ])robal)ly the great diderence in the abundance of wasps in different 
years : if a period of cold weather occur during the early stages of formation of a 
wasp family, operations are suspended and growth delayed ; or deatli may even 
put an end to the nasc(mt colony. 
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destroyed and reforined, as the combs they coiitaiu increase in 
size. Marchal’s observations ^ relate chiefly to the prodnction of 
the sexes and worker-forms, in the subterranean species, Ves 2 )a 
geTinawicct and V. vulgcLiHs. The layers of comh include cells of 
two sizes. The upper layers, which are the first formed, consist 
of small cells only : the lower combs are constructed (at Ifaris) 
early in August, and consist of larger cells from which males 
and large females are reared. The males are, however, reared 
also in large numbers in the small cells. If the queen he re- 
moved, the workers hecorne fertile, and produce parthenogeneticallj 
.many eggs, hub all of the male sex. He entertains no doubt 
that even when the queen is in full vigour the workers produce 
males if there is an abundant food snpply. 

The social wasps at present known number 500 or 600 species. 
Polistes is a very extensive genus, and it has also a very wide 
geographical distribution ; some of the species — and those found in 
widely-distanb parts of the world — are remarkable on account of 
their excessive variation in colour, and it is worthy of note that the 
extreme forms have been more than once taken from the same nest. 

Next to Polistes, Vesjpa is the most numerous in species, 
about 150 being known, and it is to this genus that all our 
British social wasps belong. No Insects are better known 
in our islands than these wasps, owing to the great numbers 
of individuals that occur in certain seasons, as well as to 
their frequently entering our habitations and ]>artaking of our 
food, and to the terror that is occasioned by their supposed 
ferocity and desire to sting. This last feature is a complete 
mistake ; wasps never sting unless they are roused to do so by 
attacks, or by considerable interference with, their work. The 
only real danger arises from the fact that a wasp may be occa- 
sionally taken into the mouth with fruit, or may be handled 
unawares. When they are flying about tliey are perfectly 
harmless unless attacked or irritated, and even if they settle 
on the person no danger of their stinging exists unless more- 
ment is made. Sichel correctly states that a person may 
station himself close to a wasp^s nest and remain there without 
any risk at all, provided that he makes no movement ; indeed, it> 
is more than probable that if no movement, or if only gentle 

^ CR. Ac. Paris, cxvii. 1893, p. 584 ; o];. cit, exxi, 1895, p. 731 ; Arch, ZooL 
exper. (3) iv. 1896, pp. 1-100. 
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movement, be made, the wasps are unaware of the presence of an 
intruder. It is, however, well ascertained that if they are 
molested at their work, more especially when they are actually 
engaged in the duties of the nest, they are' then extremely vin- 
dictive, and follow for a considerable distance those who have 
irritated them. The East Indian V, mlutina is specially fierce 
when aroused, and is said by Horne to have followed a party 



Fig. 34 . — Ischnogaster mellyi. Java. A, Female imago (the line at the side shows its 
length) ; B, nest, C, maxilla ; D, labium ; E, mandible (tip downwards). The nest 
is probably upside down, although shown here as by de Saussure. 

through dense jungle for miles, and on some occasions to have 
stung animals, and even -human beings, to death. 

This vindictiveness is, however, only an exceptional mood due 
to some interference with the colony. Even the hornet, not- 
withstanding its threatening appearance, is harmless unless 
unduly provoked ; its nests and their inhabitants can be kept in 
domesticity, exhibited to strangers, even moved from place to 
place, yet the hornets will not take offence if due gentleness be 
observed. It is said that wasps will rear the progeny of a neigh- 
bour in circumstances where this assistance is necessary. Hess 
has related a case in which a queen-hornet had commeticed a nest, 
and was killed by an accident, leaving young brood in the comb 
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unprovided for : as a result many of the helpless grubs died, and 
others were in a state of starvation, when a strange queen-liornet 
appeared, associated itself with the comb, and, adopting the orphan 
brood, nourished them and brought them to their full size. 

We have akeady alluded to the fact that, so far as external 
structure is concerned, there is no great difference between the 
social and the solitary wasps. Both, too, run through analogous 
series of forms and colours, and the genus IsclmogasteT (Big. 84) 
seems to connect the two groups by both its structure and mode 
of life. The social habits are in many species only interred, and 
with greater knowledge will probaldy prove Mlacious as a guide 
to classification ; indeed we have already said that in the genus 
Vesjpa — perhaps the most perfectly social of all the wasps — there 

is one species that has no worker, 
and that lives, it is supposed, as 
a parasite, in the nests of its 
congeners. For this species, V. 
aicstriaca, it has been proposed to 
create a separate genus, Fseudo- 
'Des2)(c, on account of this peculiarity 
of habit, although no structural 
character has been detected tha,t 
could distinguish it. 3)e Saussure 
has stated his conviction that 
workers do not exist in some of 
the exotic genera, so that it appears 
highly probable tliat with tlie pro- 
gress of knowledge the present divi- 
sion between social and solitary 
wasps will prove untenable. 

Eemains of Insects referred to 
Fra. 35.-~i»/rt6Y«’tsws^i/bwu6\ A,maie ; the genera Folisks and Vespa 

have been lound in tertiary strata 
in various parts of Europe and in North America. 

Fam. 3. Masaridae. 

Anterior wing with two eomplete suh-margmal cells. Antennae 
usually incrassate or clulhed at tlie exPreniity. Clairs clis- 
tinctly or uhsoletely dentate. 

This is a group of fifty or sixty species with luit few gencn-a, 



II 


MASARIDAE 


89 


and most of its components appear to be Insects of the greatest 
rarity. In tlieir appearance tlie Insects of this Family differ con- 
siderably from the other Diploptera, and as the wings are only 
imperfectly, or not at all, plicate, it must be admitted that the 
systematic afhnities of the group require reconsideration. Tlie 
pronotal structure is, however, completely that of Diploxotera. 
The typical form of the Family, Masaris ves^ylforuvis, though 
described a hundred years since, is a species of such ex- 
treme rarity, and its sexes are so different, that entomologists 
have only recently been able to agree about it. It has been 


found in Egypt and Algeria. The 


Ceramim, J iigurtMa, 


Qum-'tenia and CoeUmites are also members of the Mediterranean 
fauna, while Paragia is Australian, and Trwieria South American. 
Several species of the genus Mascms inhabit Is^orth America, and 
Cresson has recently described another 
Masarid genus from the same country, 
under tlie name of 3if'paragia. 

The little that is known of their 
natural history is almost limited to an 
account given by Giraud of the habits of 
Oemmius lusUanic/iis, of whicli species he 
found a colony near BriaiK;.on. The Insect 
makes nests in the earth ; they are entered 
by means of a chimney - like passage 
analogous to what is formed by certain 
Odynerus ; the gallery when completed is 
about six centimetres long, and at its 
extremity is an earthen cell in which tlie 
larva lives ; this is fed by the mother, 
who brings to it from time to time a 
supply of a paste, described as being 
somewhat like dried honey. The growth 
of the larva is believed to be rapid. 

Some fragmentary observations made 
hy Lichtenstein on Coelonites ahhrematus have also been recorded. 
This species, near Montpellier, constructs earthen cells ; they are 
not, however, subterranean, but are placed side by side on the dry 
stems of plants (Fig. 36); these cells are stored with a material 
similar to that supplied by Geramius lusitanicus to its young. 



Fia. 36. — Cells constructed 
by (Jodoniies ahhrcviaius. 
(After Andre.) 



CHAPTER III 


HYiMElTOPTEBA ACULEATA CO.VTJNUED — DIVISION III FOSSOBES Oil 
FOSSORIAL SOLITAEV WASPS FAMILY SCOLIIDAE OE SUBTER- 
RANEAN FOSSOES FAMILY POMPILIDAE OR RUNNERS FAMILY 

SPHEGIDAE OR PEEFECT-STINGERS 

DiYisioii III. Fossores. 

Aculeate JEyonenoptercb, in uoliich the aMoraen, though very diverse 
i% form, does not hear goromincTiees on the ugpjper aspect of the 
bccsal segments ; front voing without lorigitudinal fold along 
the middle ; hairs of lady not plumose. Only two forms 
Qinccle and female) of each species. 

Fossorial Hymenoptera are distinguished from other Aculeates 
at present only by negative characters, i.e. they are Aculeates, 
but are not ants, bees or wasps. According to their habits they 
fall into four, by no means sharply distinguished, groups — (1) 
those that form no special receptacles for their young, but are 
either of parasitic or sub-parasitic habits, or take advantage of 
the abodes of other Insects, holes, etc. ; (2) constructors of cells 
of clay formed into pottery by the saliva of the Insect, and Toy 
drying ; (3) excavators of burrows in the ground ; (4) makers of 
tunnels in wood or stems of plants. Several species make use 
of both of the last two methods. The habits are carnivorous ; 
the structures formed are not for the benefit of the makers, but 
are constructed and stored with food for the next generation. 
Their remarkable habits attracted some attention even 20 00 
years or* more ago, and VFere to some extent observed by Aristotle. 
The great variety in the habits of the species, the extreme 
industry, skill, and self-denial they display in carrying out their 
voluntary labours, render them one of the most instructive groups 
ot the animal kingdom. There are no social or gregarious 



ni 


1^'OSSORIAL SOLITARY WASPS 


91 


foriiLs, tliey are true individualists, and their lives and instincts 
offer many subjects for retlection. Unlike the social Insects they 
can lca.ni nothing whatever from either example or precept. 
'rh(‘, skill of each individual is prompted by no imitation. The 
libt is sliort, the later stages of the individual life are totally 
different from tlie earlier: the individuals of one generation 
only in ram cases see even the commencement of the life of the 
mcxt ; the progeny, for the benefit of which they labour with 



Fig. 37. — t^cellphron ni(jri})es 9 (Sub-Fam. Spbegides). Amazons, x f. 


iiiiHurpassable skill and industry, being unknown to them. Were 
.such a solicitude displayed by ourselves we should connect it 
with a high sense of duty, and poets and moralists would vie in 
its laudation. But having dubbed ourselves the higher animals, 
we ascribe the eagerness of the solitary wasp to impulse or 
instinct, and we exterminate their numerous species from the face 
of the earth for ever, without even seeking to make a prior ac- 
quaintance with them. Meanwhile our economists and moralists 
devote their volumes to admiration of the progress of the civilisa- 
tion that effects this destruction and tolerates this negligence. 
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It should be noted that in the solitary as in the social Insects 
the males take no part whatever in these industrial occupations^ 
and apparently are even unaware oi: them. It is reinarkable 
thatj notwithstanding this, the sexual differences a, re in the 
majority less than is usual in Insects. It is true tliat the various 
forms of Scoliidae exhibit sexual distinctions which, in the case 
of Thynnides and Mutillides are carried to an extreme degree, 
but these are precisely the forms in which skill and ingenuity are 
comparatively absent, the habits being rattier of the parasitic 
than of the industrial kind, while the structure is what is 
usually called degraded {i.e. wingless). The great difference 
between the habits of the sexes, coupled with the fact that there 
is little or no difference in their appearance, has given rise to a 
curious Chinese tradition with regard to these Insects, dating 
back to Confucius at least.^ The habit of stinging and storing 
caterpillars in a cell, from which a fly similar to itself afterwards 
proceeds having been noticed, it was siq^posed to be the male that 
performed these operations ; and that when burying the cater- 
pillars he addressed to them a spell, the burden of wliich is 
mimic me.'' In obedience the caterpillars jiroduce the wasp, 
which is called to this day '"Jiga," that is in English “mimic 
me." The idea was probably to the effect that the supposititious 
male, not being able to produce eggs, used charmed caterpillars 
to continue the species. 

Summary of the Prey of Fossores. 

Group of Fossores. .Food or Oc(turr(‘n(;o. 

Fam. Scoliidae. 

Sub-Fam. Mutillides . . As parasites on Hymenojaera A culeata. 

5 , Thynnides . . (?) Parasites on Lepidopterous jjupae. 

„ Scoliides . . , Larvae of Coleoptera [(?) spiders in the case of 

Elis 

„ Rhopalosoiiudes. Unknown. 

„ Sapygides . . The provisions stored by bees. C’aterpillars 

(teste Smith). 

Fam. Pompilidae . . . . ( Rarely Ortlioptera (Gryllidae and 

( Blattidae, teste BiTigharu) or (Joleopteru. 
/Orthoptera (especially Locustidae), larvius 
Fam. Sphegidae ) "f Lepidoptera, Spiders [(?) same species 

fc>ul)-bam. Sphegides . . \ (Sediphro7h madraHyatanum and HpJtex 

\ coeTuletis)j both spiders and caterpillarHj, 

^ Kuiiiagusii Minabata, in Nature, 1. ISM, p. SQ. 
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(innip III' I'Vissiiri'ii. 

1%'Ull. Splu'^ndju,;. 

SiihdA'im. AnipulicJdes . 

1, LaiTides . . . 


''rrypox:yloiii(l(‘s . 
Astatidii.s . 

Xyss(jnidos . 
Piiilautliides-. 

MiiiicRides 

Orubronides 


Kood Of <.>e(Mirr('iic(‘. 

Ortlioptera (Blattidae only). 

Ortlioptera of various divisions. Aculeate 
Hyiiienoi-)tera, in the case of Falarm. 
[Spiders stolen from nests of Pclojiaeus ])y 
Larradd.] 

Spiders, caterpillars, Apliidae. 

A data hoojts uses Peiitatoinid bugs, cockroaches, 
and even Aculeate Hymenoptera {Oxyhelus, 
teste Smith). 

Di])tera and Cicada, 

Biptera, Hoinoptera {Gorytes mydaceus takes 
Aphrophora out of its “cuckoo-spit ”). 

Aculeate Hymenoptera {Fhilantlms). Hard 
beetles, viz; Curculionidae, Buprestidae, 
Ghrysouielidae (Ccrceru). 

Small Homoptera, even Apliidae. Biptera 
(Tipulidae) in Hawaii. 

Diptera, Apliidae [? the same species of wasps 
both of these]. Other small Homoptera. 
Ants (in the case of Fertomus). Parasitic 
optcra (in the case of Lindenius). 


(Jrnut (iiver.sity of opiinion exists as to the classification of the 
Fossores. This arises chiefly from the incomplete state of the 
c'ollet'tions studied, and from the fact that the larger part of the 
\v<irks publislied arc limited to local faunae. Opinions as to the 
fimilies vary; some admitting only three or four, others upwards 
of tAvenly. Aft(r consideration of the various views, the writer 
tlniikH it best to admit at present only three families, which 
sp(‘aking broadly, correspond with habits, viz. (1) Scoliidae, 
.Hubl/t‘rraneau stingers; (2) Pompilidae, runners; (3) Sphegidae, 
sting(.;rs <'iliove ground. 

1. Bctdiidae. Pronotum and tegnlae in contact. Abdomen with the 

|darie of the ventral surface interrupted by a chink between the 
first and second segments. Numerous wingless forms. 

2. Pcnnpilidae. Pronotum and tegulae in contact. Abdomen with the 

plane of the ventral surface not interrupted by a chink. Legs 
very long. No wingless fornus. 

Sphegidae. Pronotum and tegulae not in contact. No wingless 
forms. 

Wo stiull treat as sub-families those divisions of Scoliidae and 
Sphcyidae considered 1)7 many as families. 
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Fam. 1. Scoliidae. 

The members of this family, so far as is known, display less 
perfect instincts than the Sjdiegidae and Pompilidae, and do not 
construct cells or form burrows. Information as to the habits is 
almost confined to European forms. We adopt five sub-families. 

Sub-Fam. 1. Mutillides. — The sides of the pronotmyi rectch the 
tegulae : the female is destitute of loioigs amd ocelli, 
frequently having tlic parts of tlhe thorax so closely soldered 
that the divisions hehueen them are ohliteraled : the males are 
winged, f urnished ivlth ocelli, and, having the thoracic d/ivisions 
distinct ; intermediate tilnae with two apical spurs. Front 
wing with two or three suh-marginal cells. The hmwae live 
parasitically at the expense of other Hymenoptera Aculeata. 

The Mutillides have some resemblance to ants, though, as 
they are usually covered with hair, and there is never any node 
at the base of the abdomen, they are readily distinguislied from 
the Pormicidae. The great difference between the sexes is their 
most striking character. Their ^ system of coloration is often 
very remarkable, the velvet-like pubescence clothing their bodies 
being variegated with patches of sharply contrasted vivid colour ; 
in other cases the contrast of colour is due to bare, ivory-like 
spaces. They have the faculty of stridulating, tlie position and 
nature of the organ for the purpose being the same as in ants. 

Very little exact information exists as to the habits and life- 
histories of the species. Christ and Drewsen, forty or fifty years 
ago, recorded that M. europaea lives in the nests of bees of tlie 
genus Bombus, and Hoffer has since made some observations on the 
natural history of the same species in South East Europe, where 
this Mutilla is found in the nests of ten or eleven species of 
Bombus, being most abxmdant in those of B. agrorum,, and B. 
variabilis ; occasionally more individuals of Mutilla than of bees 
may be found in a nest. He supposes that the egg of the 
Mutilla is placed in the young larva of the Bombus, and hatches 
in about three days; the larva feeds inside the bee-larva, and 
when growth is completed a cocoon is spun in the interior of 
the pupa -case of the bee. When the perfect Insects emerge, 
the males leave the nest very speedily, but the females remain 
for some time feeding on the bees’ honey. Females are usually 
produced in greater numbers than males. This account leaves 
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much to be desired. From tlie observations of Kadoszkowsky 
it is clear that other species of Mutillides are by no means 
confined to the nests of Bortibus but live at the expense of 
Aculeate Hymenoptera of various groups. This naturalist asserts 
that the basal abdominal segment of the parasite resembles in 
form that of the species on which it preys. 

The apterous condition of the females of Mutillides and 
Thynnides is very anomalous in the Eossors ; this sex being in 
the other himilies distinguished for activity and intelligence. 
The difference between the sexes is also highly remarkable. The 
males differ from the females by the possession of wings and by the 
structural characters we have mentioned, and also in a most striking 



Fig. 38 . — Mutilla stridula. Europe. A, Male ; B, female. 


manner in both colour and form ; Burmeister, indeed, says that in 
South America — the metropolis of Mutillides — there is not a single 
species in which the males and females are alike in appearance ; this 
difference becomes in some cases so extreme that the two sexes of 
one species have been described as Insects of different families. 

Upwards of one thousand species are assigned to the genus 
Mutilla, which is distributed over the larger part of the world ; 
there is so much difference in these species as to the nervuration 
of the wings in the males, that several genera would be formed 
for them were it not that no corresponding distinctions can be 
detected in the females. Three or four species of Mutilla are 
described as being apterous in the male as well as in the 
female sex ; they are very rare, and little is known about them. 
Only three species of Mutillides occur in Britain, and they are 
but rarely seen, except by those who are acquainted with their 
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liabits. Tlie African and Ejtst India, u genus, ApUyrorfijiia, incliides 
some extremely peculiar Hymenoptera, ; the males have the wing 
nervuration very much reduced, and the females are very aiit-lilvc 
owing to the deep constriction l.)eliiml the first alxiominal ring. 

Sub-Fam. 2. Thynnides. — Males and femulrs very differ enl in 
form; the male winyed,, the front wing with th/ree, or only 
tiuo, sid)-ma/rginal cells ; th>e female winglens anal witlh the 
thorax divided into three suh-cqual 'jKvrts. 

The Thynnides are by some mitomologists not separated from 

theMutillides; but 
the distinction in 
the structure of 
the thorax of the 
females is very 
striking. In the 
Thynnides tlie 
nervuration of tlie 
wing appea,rs 
always to extend 
to the outer 
margin, and in the 
Mutillides not to 

Fig. 39. — Methoca ichneimionides. A, Male ; B, female. (Jq Tllis faruilv 
Britain. • . ' ‘ * f 

IS represented in 

Britain by a single very rare Insect, Methoca.. icJh7morno7iides : to 
the unskilled observer the female would appear to be without 
doubt an ant. This Insect is by some considered as tlie type 
of a family distinct from the Thynnides proper. Thynnides are 
numerous in Australia. Very little is really known as to their 
habits, though it has been stated that they are parasitic on 
Lepidoptera, Bakewell having obtained specimens from sub- 
terranean cocoons of that Order. Those who are interested in 
differences between the sexes of one species should exainine the 
extraordinary examples of that plienomenon presented by the 
Thynnides; the dissimilarity throughout the group— which is 
now of considerable extent — being so extreme that no ento- 
mologist would from simple inspection believe the two sexes 
to have any connection; but the fact that they are so con- 
nected has been demonstrated beyond doubt. In very few 
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cases, however, have the sexes been matched, so that at present 
males are no doubt standing in the lists of Hyinenoptera as one 
species and their females as other species. 

Sub-Fam. 3. Scoliides. — Tronoturn Teachinfj lack t.o the tcgidae ; 
legs stout ; intermediate til/uic unth one agriced sgyur ; both 
sexes loinged- ; the nervures not extending to the 'posterior 
(i.e. distal) margin. 

This group includes some of the largest and most powerful of 
the Aculeate Hyinenoptera. Its memhers are usually hairy 
Insects with thick legs, 
the colour being black, 
more or less variegated 
with liands or spots of 
red or yellow ; the hind 
body is elongate, has 
only a very short pedi- 
cel, and in the male 
is usually termin- 
ated by three project- 
ing spines. Tlie pro- 
notuiu is of variable 
dimensions, but its front Fig. 40. — Scolia haemorohokltdis 9- Europe, 

angles are always co- 
adapted with the points of insertion of the Ixont wings. The 
nervuration of the front wings is confined to the basal part, the 
extensive apical or outer area possessing no nervures. There is 
frequently a great difference in the size of the two sexes of the same 
species, the female being very much larger than the other sex. The 
larvae, so far as is known, devour those of Lamellicorn Coleoptera. 

Fabre lias investigated the habits of some of the species of 
Scoliides found in France, and has informed us that their means 
of subsistence consists of larvae of the larger Lamellicorn beetles, 
Cetowid, OryeUs, Anoxia, and Uuchlora ; these beetles belong to 
very different divisions of the Lamellicornia, but they liave in 
common the fact that their larvae are of subterranean habits, 
living in the earth or in accumulations of debris in which there 
is a large proportion of vegetable matter or roots. The female 
Seolia penetrates into the ground in order to find the Lamellicorn 
larvae necessary as food for its progeny. Seolia bifasciata 
VOL. VI H 
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attacks the larvae of several species of Cetonia, and S. {Golpa) 
intemipta chooses the larvae of the* chafers Anoxia mllosa and 
A. rnatutinalis. The mother Scolia enters the ground in August 
or September, and having found a suitable larva stings it and 
deposits an egg on the ventral surface of the prey ; the paralysed 
larva is left where it was found, no attempt being made to place 
it in a special receptacle. The egg is placed on the ventral 
surface, well behind the feet, under a mass of matter in the 
alimentary canal. Shortly' after being hatched the young 
destroyer penetrates with its head the skin of the victim, and in 
this position commences to feed ; it is necessary that it should 
obtain its food without killing the Getonia larva, for it cannot 
prosper on decaying food, so that if the Getonia. larva die the 
Scolia larva likewise perishes ; the latter, accordingly, does 
not withdraw its head from the interior of the victim, but 
remains always in the same position, as it grows larger extending 
its head forwards into the front part of the interior of its victim ; 
the internal organs of the latter are consumed in a systematic . 
order so as to delay bringing about its death till the last moment, 
and thus all the interior of the Getonia larva is appropriated till 
nothing remains but an empty skin. By a series of experiments, 
Fabre showed how essential it is that . this apparently revolting 
operation should be carried oii with all details strictly en mjle. 
If the head of the Scolia larva be taken out from the victim and 
applied to another part of the body of the Getonia, the result is 
that it cannot eat ; even if it be replaced in the original situa- 
tion, after being taken away, it frequently happens that tlu3 
Getonia larva dies, its death involving also that of the destroyer. 
It is necessary, too, that the victim should be paralysed, for if an 
intact Getonia larva be taken and bound down in such a position 
that it cannot move, and if a small orifice in its skin be made in 
the proper spot and a young Scolia larva be placed on it, the 
little parasite will avail itself of the opportunity and commence 
to feed on the larva provided for it, but the latter will speedily 
die, and the Scolia necessarily perishes with it. Thus both the 
paralysis of the victim and the special mode of eating are essential 
to the life of the Scolia. The operation of stinging the larva so 
as to produce the necessary paralysis, or rather insensibility, is a 
difficult one, and requires great skill and patience. Tlie Getonia 
larva is of large size, and must be pierced in one particular spot ; 
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in order to reach this the Scolia mounts on its Yictini, and is 
frequently dislodged by its struggles ; sooner or later, however, 
the proper position is obtained by the wasp, and-- the larva is 
then stung in the exact spot necessary to allow the sting (and the 
poison introduced by it) to reach the most important of the 
nervous ganglia that control the movements of the body, this spot 
being, in the case of the Getonia, the line of demarcation between 
the pro- and meso- thorax, on the middle line of the ventral 
surface of the body. The Scolicc gives but one sting to the 
victim, and this it will not administer until it can do so exactly 
in the proper place. This practice of devouring the victim 
slowly, without killing it till all is eaten, is very widely spread in 
the Hynienoptera, and it is satisfactory to find that we may infer 
from Eabre’s observations that it is not so horrible as it 
would at first appear; for it is probable that the stinging 
prevents decomposition of the victim, not by reason, as some have 
supposed, of the poison injected by the wasp having an antiseptic 
effect, but rather by means of destroying sensibility, so that the 
creature does not die from the pain, as it is believed it did in 
certain cases where Eabre induced the young Scolia larva to feed 
on a victim that had not been stung. We may here remark 
that very little exact information exists as to the operation of 
stinging. Fabre attaches great importance to the sting being 
inflicted on a nerve- ganglion. Whether a sting that did not 
reach this part might not have a sufficient effect appears, how- 
ever, doubtful.^ 

A. remarkable form of Scoliides, with wings of smaller size 
than usual and deeply divided, has been described by Saunders 
under the name Fseudomeria graeca. Still more remarkable is 
Komarovia mctoriosa found in Central Asia ; in tins Insect the 
male retains the appearance of a slender, pallid Scolici, but the 
female differs totally in form, and has the peculiar wings so re- 
duced in size as to be useless for flight. 

Sub-Fam. 4. Sapygides. — Closely allied to the Scoliides, Imt gws- 
sessuig slender legs and antennae ; also the first alidominal 
segment is less disconnected from the second, so that the outline 

^ As this work is passing through the press we receive a book by Mr. and Mrs. 
Peckliani on The Instincts and Habits of the Solitary Wasps, Madison, 1898. 
They are of opinion that, in the case of some species, it does not matter much 
whether the victim is or is not killed by the stinging. 
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is less interrupted ; the eyes mx deeply einrmjlnaU ; the land 
hody is not sjnnose at the apex. 

The economy oi Sapyga, the only genus, has ].)eeii the suljject 
of difference of opinion. The views 
of Latreille <a,nd others that these 
species are parasitic upon bees is 
confirmed by the oljservcitioiis of 
Pabre, from which it iippears that 
S. 5 - 2 mnetata lives in tlie Inirrow's 
of species of the l)ee-geims 0s7tiia, 
consuming the store of provisions, 
consisting of honey-paste, tluit the 
bee has laid up for its young. Ac- 
Jig. 5’punctata ^ , cordiiig to the Same distinguished 

observer, tlm h)e(/pyga hirva exhil:>its 
hypermetamorphosis (he. two consecutive forms), and in its young 
state destroys the egg of the bee ; but his observations on tliis point 
are incomplete and need 
repetition. We have two 
species of Sapyga in 
Britain ; they differ in 
colour, and the sexes of 
S. 5 -punctata also differ 
in this respect ; the 
abdomen, spotted with 
white in both sexes, is 
in the female variegate 
with red. Smith found 
our British Sapyga 5- 
punctata carrying cater- 
pillars. 

Sub“Fam. 5. Rhopalo- 
somides. — Antennae 
elongate, spinigerous ; 
ocelli very prominexit ; 
tarsi of peculiar structure, their claws hijid. 

This sub-family has recently been proposed by Ashinead ^ for 
^ P. mit. JSoc.' Washington, iii. 1896, p. 303- 



PiG. 42 . — Rhopalnsoina poeyi. A, female iiruigo ; 
B, front of head. Cuba. (After Westwood.) 
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an extremely rare ximerican Insect that had previ<3usly been placed 
by Cresson among parasitic Hymenoptera. Westwood classed 
Il]bOj)alosovia among Diploptera, saying of it “ animal ipioad 
affinitates excrucians/’ We reproduce Westwood’s figure, but not 
being acquainted with the Insect we can express no opinion as to 
whetlier it is allied to tlie Scoliidae or to the Sphegidae. The 
habits are, \ve believe, quite unknown. 

Fam. 2. Pompilidae. 

Fronotum at the sides reaching the tegulae ; hind body never 
definitely though the first segment is sometimes 

elongate and conical ; hind legs long ; eyes elli]jtic in form, 
not ernargioiate. 

The Pompilidae are perhaps the most extensive and important 
of the groups of Fossores, and are distributed over all the lands of 
the globe, with the exception of some islands and of the inclement 
arctic regions. The sting of the Pompilidae, unlike that of most 
of the Fossores, indicts a burning and painful wound; the creatures 
sometimes attain a length of two or three inches, and a sting from 
one of these giants may have serious results. Although tliere is 
considerable variety in the external form of the members of the 
group, the characters given above will enable a Pompilid to be 
recognised with approximate certainty. The elongation of tlie 
hind legs includes all the parts, so that w'hile the femur extends 
nearly as far back as the extremity of the body — in dried 
examples at any rate — the tibiae and the long tarsi extend far 
beyond it ; thus these Insects liave great powers of running ; they 
are indeed remarkable for extreme activity and vivacity. They 
may frequently be seen running rapidly on the surface of the 
ground, with quivering wings and vibrating antennae, and 
are probably then employed in the search for prey, or some other 
of the operations connected witli providing a store of food for 
their young. Spiders appear to be tlieir special, if not their oidy, 
prey. Several authors have recorded details as to the various 
ways in which the prey is attacked. Fabre has observed the 
habits of several species, and we select his account of the modus 
ojperandh of species of the genera Fonifilm and Calicurgus, in 
their attacks on poisonous spiders that inhabit Iioles in the 
ground or in walls. The wrasp goes to the mouth of the spider’s 
burrow, and the latter then dashes to the entry, apparently 
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enraged at the audacity of its persecutor. The C(du\u:r(jus will 
not actually enter a burrow when there is a spider in it, 
because if it did so the spider would speedily dispose of the 
aggressor by the aid of its poisonous fangs. The CaLicurgus, 
therefore, has recourse to strategy with the object of getting 
the spider out of its nest; the wasp seizes its redoul.)table 

foe by one foot and pulls ; 
probably it fails to extract 
the spider, and in that case 
rapidly passes to anotlier 
burrow to repeat its tactics ; 
sooner or later a spider is 
in some niornent of inatten- 
tion or incapacity dragged 
from its stronghold, and, 
being then comparatively 
helpless, feels itself at a 
disadvantage and offers but a 
feeble resistance to the wasp, 
which now pounces on its 
body and immediately in- 
flicts a sting between the 
fangs of the foe, and thus 
at once paralyses these dangerous weapons ; thereafter it stings 
the body of the spider near to the junction of the abdomen and 
eephalot borax, and so produces complete inactivity. Having 
secured its prey, the wasp then seeks a suitable hole in whicli 
to deposit it ; probablj an empty burrow of a spider is selected 
for the purpose, and it may be at a height of several feet in a 
wall ; the Hymenopteron, walking backwards, drags its heavy 
prey up the wall to bring it to the den. When tins is accom- 
plished an egg is deposited on the spider, and the wasp goes 
in search of a fragment or two of mortar, with which the mouth 
of the burrow is Anally blocked. Fabrebs accounts refer to the 
habits of several species, and give a good insight into some points 
of the instincts of both the spider and the wasp. It seems tliat a 
sense of superiority is produced in one or other of the foes, accord- 
ing as it feels itself in suitable conditions ; so that though a spider 
out of its burrow and on the ground is speedily vanquished by the 
Pompilid, yet if the two he conAned together in a vase, both are 



Fig. 43 . — Ccdicurgus hyalhiatus 9- Britain. 
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aiid iiudiiKMl to adopt (lefensiye or even evasive tactics, the 
rosult piT)ha])ly Ijeiiig that the wasp will be killed by the spider 
during’ th(‘. uio'lit, tliat being the period in which the attacking 
powers of‘ tlu^ spider are more usually brought into play. 

1 1 .s(a*uis to Ijc the habit of some to procure a victim 

bcfoin they liave secured a jdace for its reception ; and Fabre took 
a(l\"a.iitag(^ of this iact, and made very interesting observations on 
s<uuo. points of the instinct of these wasps. Having found a 
PifminluH that, alter having caught a spider and paralysed it, 
wa.s engaged in making a retreat for its reception, he abstracted 
the, booty, which was deposited at the top of a small tuft of 
vi^getation near to where the Pompilus was at work. In this 
ea.s(‘. thi* ])iirr(.)W in course of preparation was subterranean, and 
Wiis Ion lied by tlie Pompilus itself, which therefore could not, 
whili* it was engaged underground, see what took place near it. 
It is th(‘- hal)it of the wasp to leave its work of excavation from 
time to time, and to visit the prey as if to assure itself of the 
saJidiy of this object, and to enjoy the satisfaction of touching it 
with the mouth and palping it. Desirous of testing the wasp’s 
mimior)' of locality, Fabre took the opportunity, while the Insect 
wa.s working at the formation of its burrow, of removing, as we 
hav(5 said, the Ixjoty from the place where it had been deposited, 
and putting it in another spot some half-yard oflf. In a short 
time the Pompilu,8 suspended work and went straight to the spot 
wher(,*. it liad deposited its property, and finding this absent, 
e.ntercMl on a series of marches, counter-marches, and circles round 
thci Hiiot where it had left the prey, as if quite sure that 
this wa,s really the place where the desired object ought to be. 
At last convinced that the paralysed prey was no longer where 
it ha,d been placed, the Pompilus made investigations at a greater 
distance and soon discovered the spider. Fabre recounts that its 
iiiovementB then appeared to indicate astonishment at the change 
of position that it thus ascertained to have occurred. The wasp, 
however, soon satisfied itself that this was really the very 
object it was seeking, and seizing the spider by the leg slightly 
alt( 5 r(Hl its position by placing it on the summit of a small tuft 
of vegetation; this latter proceeding being apparently always 
carricad out by this species of Pompilus, Then it returned to its 
excavation, and Fabre again removed the spider to a third spot ; 
the wasp when it next rested from its work made its way 
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immediately to the second spot, where it had last left the spider, 
thus showing that it possessed an accurate nieinory for locality ; 
the wasp was very much surprised at the absence of the valued 
prize and persisted in seeking it in the immediate vicinity with- 
out once returning to the place where it had been first located. 
Fabre repeated ' this manoeuvre five times, and the Ponipilus 
invariably returned at once to the spot where it had last left its 
prey. The acute memory for localities displayed by this Insect 
seems to be more or less general throughout the Aculeate 
Hymenoptera, and is of very great importance to them. The 
power of finding the object appears to depend on sight, for when 
Fabre, after removing the spider to a fresh spot, made a slight 
depression in the ground, placed the spider in it and covered it 
over with a leaf, the wasp did not find it. At the same time, the 
Insect’s sight must be a very different sense from our own, for the 
wasp, when seeking its lost booty, frequently passed within a couple 
of inches of it without perceiving it, though it was not concealed. 

Belt gives an example of the habits of tlie Mexican Pompikis 
polistoicles. He noticed it, when hunting for spiders, make a dart 
at a web in the. centre of which a spider was stationed; by this 
movement the creature was frightened and fell to the ground, 
where it was seized by the wasp and stung. Tiie Poinpilus then 
dragged its prisoner up a tree and afterwards flew off with it, 
the burden being probably too heavy for conveyance to the nest 
without the vantage of an elevation to start from. 

Several modifications adopted by Pompilidae in their mode of 
stinging their spider- victims have been recorded by Ferton ; these 
we cannot allude to in detail, but will nevertheless mention that 
one species stings the body of its spider-prey at random, and 
that in other cases it would appear that the paralysis of the 
spider is evanescent. In short, there are various degrees of 
perfection in the details of the art of stinging. 

The most remarkable of the forms of Pompilidae are the 
numerous species of Pepsis, a genus peculiar to America, whence 
upwards of 200 species are already known.^ Some of them 
attain a length of two inches or more, and are able to conquer 
the largest spiders ; even the formidable Mygale avicularis 
succumbs to their agility and skill. Some of these Pep sis have 
beautifully coloured wings ; according to Cameron, this may be 
^ Monograph by Lucas, Berlin ent. Zeitschr. xxxix. 1894. 
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(lui‘ S('a,li‘s. r.formcmis, Say, is called in Texas the tarantula- 
kilhn-; aerording- to Buckley, its mode of attack on the huge 
s]a<l(‘r is di{lcr(*iit from that made use of by its European ally. 
Wluui it discovers a tarantula it flies ^‘iii circles in the air, 
aroiuid its victim. The spider, as if knowing its fate, stands up 
and inal«‘s a sliow of fighting, but the resistance is very feeble 
and (j1 ho avail. The spider’s foe soon discovers a flxvourable 
iiionicnt a,nd darts upon the tarantula, whom it wounds with its 
sting, and again commences flying in circles.” The natural 
retreat o( this huge spider. My gale lientzii, is in holes in the 
ground, and this account does not inform us whether the spider 
allows its(dr to Ijc overcome when in its nest, or is only attacked 
when out of its retreat. 

Tin*, genus Mygwlmia includes a very large number of species, 
and has a wider geographical distribution than Fepsis, being 
found in the tropical regions of both the Old and ISTew "Worlds, 
of tlnmi rivalling in size and ferocity the larger specimens 
of tJie genus Fepsis. In the Insects of this genus there is usually 
a mori^ or less distinct small space of more pallid colour on the 
iniddh* of (‘uch front wing. Fampovijnlus is a curious genus 
consisting of Insects of a great variety of peculiar coloration, 
and having the wings short, so as to be of Kttle use for flight, 
it f/rarrsil is an inhalatant of Chili 

Jf/mia. airhivnuTvi aaid A. liycilipenni^ are small and feeble 
Inscu'ts inhabiting the south of Europe. A, carbonaria extends to 
tln^ soutli of England. They construct, as nests for their offspring, 
small ea.rth(*nware vessels, differing in form according to the 
H])e.ei<xs, those of A, hycdipen7ds being vase-like in shape, while 
thos(‘. of* A. mrlmuirla are contracted near the mouth, something 
after the. fa,shion of a wide-mouthed bottle. The Insect is able 
!)y sonu^ means — -Faljre thinks by the use of saliva — to varnish 
the, interior of the vessel so that it will not absorb water; the 
outside of the cells is, however, not so protected, and speedily 
crumhh^s away when exposed to the action of water; hence the 
V(*ss(d is jdaeed in a protected situation, such as in a tree-stump, 
or a hole in a wall, or even in an empty snail-shell under a heap 
of .stones. The cells are stored with spiders that have been 
])aralysed ])y stinging and that serve as food for the larva of the 
Agema, The larva of A. cctrlonaria has been described, and 
some inirticulars as to its habits have been given by Yerhoeff. 
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It has been stated that this wasp does not paralyse its prey 
by stinging, hut substitutes a process oi Ijiting to prevent the 
spider from hurting the larva that is to leed on it ; and Verlioeff 's 
observations seem to show that the legs of the spider are broken 
by some proceeding of the kind. The Agenia larva is of peculiar 
shape, the head not being indexed, while the pleurae of eacli 
segment, from the second onwards, are prominent, so as to give 
the outline of the body a scalloped appearance. This, larva is 
much infested by an Ichneumon that devours, it appears, not 
only the larva itself, but also the spider that was destined to 1)6 
food for the larva. Verhoeff seems to have found some evidence 
tliat Fom^ilus sericeus may also be a parasite on the Agenia. 

The construction of earthenware cells, instead of the burrows 
usual in Pompilidae, by the species of this genus is one of the 
eases alluded to in our introductory remarks as to allied Possores 
exhibiting different habits. Mr. Pride has recently sent us from 
Brazil similar earthen vessels constructed by some Pompilid. 

The habits of Pompilids of the genus Ceropales are analogous to 
those of the parasitic bees. Perez has recently given us inh)rmati(ni 
as to a very curious form of parasitism in this genus ; he says that 
when a Fompihis has obtained a spider as provision for its young, 
it is pursued by a Cerogmles, which lays an egg on the spider, tlius 
as it were substituting in advance its own young for tliat of tlm 
Fomjpilus. Information as to the subsequent course of events in 
this case is not at present ‘forthcoming. In another case a 
Cerojpales was observed to oviposit on the spider, not while tliis 
is being carried in, but subsequently by entering the nest for tliij 
purpose ; a habit quite similar to that of some parasitic bees. 
Ferton has recently made the unexpected discovery that some 
Fovi^ilus act as robbers; one individual taking away by force the 
spider that another has captured and is carrying off. 

Lichtenstein described a Pompilid larva, that he afterwards 
ascertained to be CcClicurgus hyalinat'iLS, as possessing the extra- 
ordinary habit of feeding as an external parasite fixed to the 
dorsal surface of a spider ; thus repeating, it would appear, tlie 
habits of some of the Ichiiemonidae, though the perfect IiiBect 
(Fig. 143) does not differ in structure from its congeners, 
Emery has given an account of some Pompilids that do not 
bury their prey, but after .stinging it and depositing an egg, 
simply leave the spider on the spot. 
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Biiller lias described the liabits of a ronipilid in New Zealand ; 
his account is interesting because it shows a remarkable similarity 
in the proceedings of this antipodean wasp to those of its con- 
geners on our own side of the world. The species is not 
scientifically named, but it appears that it is known in New 
Zealand as the Mason-bee.” It forms a nest of yellow clay 
consisting apparently of about eight cells, each of which is filled 
with one or more spiders in a paralysed condition. The figure 
given of the larva of this Insect by Buller shows it to possess a 
peculiarly formed head. 

It is pleasing to find that Pompilidae do not make use of cruel 
methods when others will serve their purpose. We are informed 
that a large Australian Pompilid — Priocnemis lAcolor — may find 
a Cicada sucking sap from a hole it has pierced in a tree. The 
Priocnemis has not the art of making the puncture necessary to 
procure sap, so the wasp seizes the Cicada, and shakes it till 
it leaves its hold and flies away, when the Priocnemis takes its 
place and sips the sap. It is added that the wasp never hurts 
the Cicada. 


Fam. 3. Sphegidae. 

PronoUim free from the tegulae ; when the stigmatic lobes extend as 
far back as 'the wing-insertion, they are ^placed below it and 
separated by a space from it. 

This large assemblage of Fossores is the one about which the 
greatest difference of opinion prevails. It is based entirely on 
the prothoracic characters mentioned above, and cannot be looked 
on as natural. We shall, however, follow KohP in treating for 
the present as only one family the divisions considered by many 
as distinct families. They are ten in number. 

Sub-Fam. 1. Sphegides. — Hind body with a slender pedicel of 
variable length ; two spurs on the middle tibia. The pro- 
podeum usually horizontally elongate? 

This group includes a great number of species, about 200 of 
which are referred to the genus Sphex. 

^ “Die Gattungen der Sphegiden,” Ann. Rofnms. Wien. xi. 1896, pp. 233-596. 
Seven plates. 

^ We will take this opportunity of correcting an error in the explanation of Fig. 
333 of the preceding volume, showing the propodeum, etc. of Sphex chrysis. /points 
to a division of the mesonotum, not of the metanotum, as there stated. 
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Tlie habits of one species of this genus have been fullj de- 
scribed by Fabre ; he assigns to the species the name of flavi- 
2Jeniiu, but Kohl considers that it is more probably S. mxmillos'us. 
Tills Insect forms its nests, in the South of France, in the ground, 
excavating a main shaft with which are connected cells intended 
for the reception of the provisions for the young. The entrance 
to the burrow is formed by piercing a hole in the side of a very 
slight elevation of the soil. Thus the entrance to tlie construc- 
tion consists of a horizontal gallery, playing the part of a vesti- 
bule, and this is used by tlie Sj)he,x as a place of retreat and 
shelter for itself ; at the end of the vestibule, which may be two 
or three inches long, .the excavation takes an abrupt turn down- 
wards, extending in this manner another two or three inches, 
and terminating in an oval cell the larger diameter of which is 
situate in a horizontal plane. When this first cell has been com- 
pleted, stored with food, and an egg laid in it, the enti^ance to 
it is blocked up, and another similar cell is formed on one side ; 
a third and sometimes a fourth ai*e afterwards made and j)ro- 
visioned, then the Insect commences anew, and a fresh tunnel is 
formed ; ten such constructions being the numlxu* usually prepared 
by each wasp. The Insect works with extreme energy, and as 
the period of its constructive activity endures only about a, month, 
it can give but two or three days to the coristriictiou and pro- 
visioning of each of its ten subterranean works. The provisions, 
according to Fabre, consist of a large species of field-ciicket, of 
which three or four individuals are placed in each cell. Kohl 
states, however, that in Eastern Europe an Insect that he 
considers to he the same species as Fahre’s Splisx, makes use of 
locusts as provisions, and he thinks that the had)it }uay vary 
according to the locality or to the species of Orthoptera that 
may be available in the neighbourhood. However that may 
be, it is clear from Fabre's account that this part of the 
Sjphex's duties do not give rise to much difficulty. The cricket, 
having been caught, is paralysed so that it may not by its 
movements destroy the young larva for whose benefit it is 
destined. The Si^liex then carries it to the burrow to store it in 
one of the cells ; before entering the cell the Insect is in the 
habit of depositing its prey on the ground, then of turning round, 
entering the burrow backwards, seizing as it does so the cricket 
by the antennae, and so dragging it into the cell, itself going hack- 
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wards. Tlii^. liaLit of depoRiting its prey ou tlie ground enabled 
Faiov. to obsinuu the process of atmgiiig ; this he did by himself 
captair'nig a. cricket, and wlieii the wasp had momentarily quitted 
its ]auy, substituting the sound cricket for the paralysed one. 
II 10 Ap/zr,/, on lindiiig this new and lively victim, proceeds at 
once to sl ing it, and pnnnces on the cricket, which, after a brief 
Htrugglig is overcorn(3 ])y tlie wasp; this holds it supine, and then 
a«hninist(u\s thive stings, one in the neck, one in. the joint between 
tho pro- a nd ineso-thorax, and a third at the base of the abdomen, 

I huso, thive spots corresponding with the situation of the three 
oh let inuu'ous centres governing the nioveinents of the body. 
The erieket, is tlius couipktcly paralysed, without, however, being 
killeil. Fahri*. ])ro\ed that an Insect so treated would survive for 
sewral wt'vks, though deprived of all power of movement. 
Three, or four crickets are placed by the wasp in each cell, 100 
individuals or upwards being thus destroyed by a single wasp. 
Although the sting has such an immediate and powerful effect 
on l lu‘. cj’icdvct, it o('casions but a slight and evanescent pain to a 
liununi htung; tlu^ sting is not barbed, as it is in many bees and 
t rue wasps, and a] pears to be rarely used by the Insect for any 
ot her purpose than that of paralysing its victims. The egg is 
la id by Idn* HpJiM on the ventral surface of tlie victim between 
the. Hi't'oud auid third pairs of legs. In three or four days the 
ycHing larva, makers its appearance in the form of a feeble little 
worni, as transparent as crystal; this larva does not change its 
|da('e,, hut there., where it was hatched, pnerces the skin of the 
f'l’ic'kiit with its tiny head, and thus begins the process of feed- 
ing; it does not leave the spot where it first commenced to feed, 
hut gra.diially enters by the orifice it has made, into the interior 
of the eriv.kuit. This is completely emptied in the course of 
six r)r stwcm days, nothing but its integument remaining; the 
wusp-la.rva, has ])y tliis time attained a length of about 12 milli- 
metres, auid makes its exit through- the orifice it entered by, chang- 
ing its skin a,s it does so. Another cricket is then attacked and 
ra jiidly ('onsumed, the whole stock being devoured in ten or twelve 
clays from the commencement of the feeding operations ; the coii- 
Humj>tiou of the later-eaten crickets is not performed in so delicate 
a manner as is the eating of the first victim. When full-grown, 
the ])ro(a‘Ss of forming a cocoon commences: this is a very ela- 
borate operation, for the encasement consists of three layers, in 
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addition to the rough silk tliafc serves as a sort of scalMcliiig on 
the exterior : the internal coat is polished and is of a' dar k colour, 
owing to its being coloured with a matter from tlie aliuientaiy 
canal : the other layers of the cocoon are wliite or pale yellow. 
Fabre considers that the outer layers of the cocoon are formed 
by matter from the silk-glands, while tlie interior dark coat is 
furnished by the alimentary canal and applied by the mouth of 
the larva: the object of this varnish is believed to be tlie exclu- 
sion of moisture from the interior of the cocoon, the suliterraneau 
tunnels being insufficient for keeping their contents dry through- 
out the long months of winter. During the whole of the pro- 
cess of devouring the four crickets, nothing is ejected from the 
alimentaiy canal of the larva, but after the cocoon is formed 
the larva ejects in it, once, for all, the siii’iilus contents of the 
intestine. N’ine niontlis are passed liy the Insect in tli(3 cocoon, 
the pupal state being assumed only towards the close of this 
period. The pupa is at first quite colourless, but gradually 
assumes the black and red colour characteristic of tlie p^erfect 
wasp. Tabre exposed some specimens of the pupa to the light 
in glass tubes, and found that they went th rough the pupal meta- 
morphosis in just the same manner as the p>uj>a 0 that remained in 
the darkness natural to them during this stage of tlieir existence. 

S^lux coeruleus is frequently stated to have the. haliit of pro- 
visioning its nests with both Orthoptera and Spidtn-s; hut Kohl 
considers with reason that this record is, as regaids spiders, 
mistake, arising probably from a confiiBion with some other 
Insect of similar appearance, such as IW^opuiym {/^(xliphrort) 
coeruleus. S. coeruleus is no doubt the same as H. {(Jhlorum) 
hiatus, which Rothney observed in East India, piro visioning its 
nests with Orthoptera. He discovered a nest in, process of con- 
struction, and during the absence of the mother -wasji abstracted 
from the burrow a large field-cricket that she had placed in it ; 
he then deposited the Ortliopterori near the cell; the parent 
Spliex on returning to work entered the tunnel and found the 
provision placed therein had disappeared ; slie came out in a state 
of excitement, looked for the missing cricket, soon discovered it, 
submitted it to the porocess of malar ation or kneading, and again 
placed it in the nest, after having cleared it from some ants 
that had commenced to infest it. She then (lisap)peared, and 
Eothney repeated the experiment; in due course the same series 
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nn>|H!riitJi)n.s was performed, and were repeated manf times, tlie 
(‘vidiaitly acting in each case as if either the cricket had 
disa.]»|>ciiiTMl owing to its being incompletely stunned, or to its 
having hmii stolen by ants. Tinally, the observer placed the 
crii'ket, at a grcMiter distance from the nest, when it recovered 
from the, ill-treadnient it had received sufficiently^ to make its 
Tlii*. points of interest in this account are the fact that 
I hi* c'ric'kob was only temporarily paralysed, and that the wasp 
was al )Ui to <Mj])e with the two special difficulties that must 

frc^ipiontly occur to the spiecies in its usual round of occupations. 

Tlit‘ giMins jivtvwjj/iikc is of wide distribution, and its species 
inak(‘. vtvrlical tunnels in the ground. The habits of some of the 
speoioH haind in France have been described by Tahre. The 
Insoct does not inliahit the burrow while it is in ‘ process of 
Ibrnintiou, hut puits it; and some of the species temporarily 
close the entry to the incomplete nest with a stone. The 
tunnel is a simple shaft with a single cell at its termination; 
thin is stored with caterpillars, the different species of Ammo- 
Ithlla s(dt‘(:ting different grubs for the purpose. A, Mrmda hiber- 
nates in the jjorfect state, and carries on its work in the spring; 
it choosi^H a single larva of considerable size belonging to one 
of thci nocturnal Ijepidoptera,. and this it paralyses by a series of 
alniut iiinci stings, of whicli one is implanted in each segment 
from till*, first thoracic ring backwards; it forms the burrow only 
after the food to be placed therein has been obtained. The 
e,at(n‘pillar used is subterranean in habit, and the Ammoj^Jiilot 
d(di‘(!ts the larva by some sense, the, nature of which appears at' 
presmit cpiite uncertain. A. liolosericea chooses smaller larvae of 
the family Geometiidae, and uses only one or two stingings to 
paralyse c^acli larva; several caterpillars are used to provision a 
single ctill, and they are often selected of different colours. 

Marchal has also published an important account of the 
proccicdiiigs of A. ctffi'iiis ; he confirms Tabre’s observations, and 
i-Vim adds to their interest by suggesting that the ArimiopMa 
mlmiuiHters special stings for the purpose of paralysing the 
iiiaiidibleB of the caterpillar and depriving it of any power of 
aft(5rwa.rds injuring the larva that will feed on it. He thinks 
the. moth ex- ArizmapJiilcc herself profits by appropriating an exuda- 
tion fnjin tlie victim. 

Some species of Sphegides have the curious habit of choosing 
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the interiors of human habitations as tlie spots most suitable for 
the formation of their own domestic establisliinents. FaJjre has 
o'iven a charming account of the haluts of Felopaeus {Fvdlplmm) 
spirifex, a species that inhabits the South of Europe, a.iid that forms 
its nests in the cottages of the peasants. Tlie spot usually selected 
is a nook in the broad, open fireplace, out of reach of tlie flames, 
thouo-h not of the smoke; liere the IddopftcitH forms a nest of 
earth, consisting of ten to fifty cells, the materiaf being mud or 
clay brought in little balls by the aid of the Inseid’s mandibles; 
about twenty visits are required in order t(,) conqilete one cell, so 
that for the construction of a Large nest of lifty (adls, alanit one 
thousand visits must be made by tlie Insect. It ilicis in and 
out of the house apparently not at all iiu'ommoded Ijy tlie 
human habitants, or by the fact that the p(*asanks potage may 
be simmering on the hre quite close to wlier(‘. the fearless little 
creature is carrying on its architectural ojuunhioiis. The cells 
are stored with spiders, of whicli the wa.sp has to bring a. pltiutiful 
supply, so that its operations extend over a consider'aliL*, period. 
The prey is captured by the PdopaeAis whilst on tlie wing, and 
carried off at once, heirig probably stung by the wasp during 
the process of transit; apparently it is kilhal ]>y the operation, 
not merely paralysed. Only small s|)i(l(rrs a.re. taken ])y this 
species, and the larva of the Pdopmm ('onsuiin^s them in a short 
time, one by one, before the process of dia-omposition sets in; 
the egg, too, is laid on the first spider introduc'.e.il, a.nd tins is of 
course at the bottom of the cell, so that the spi<l(a’s ar(‘, eaten by 
the wasp's larva in the order in which tliey W(*re ])i’ought to th(3 
cell. The cell is sealed up when full, the muulHir of spiders 
placed in it being on the average about (*ight. The larva 
completes its task of consuming the store in about Um days, and 
then forms a cocoon for its metamorphosis. 'Pwo or tliree 
generations are produced in a single yea,r-, the autumnal one 
passing eight or nine months in the clay cells, whi(di are lodged 
in a nook of the peasant's hearth, and ex])os(aI to the smoke of 
his fire during all the months of winter. Pdnpaeua 
is a genus including many species ; ^ several of them are known 

^ Pelopacus disappears from the new catalogue of Hynic.rioptera as the miTne of a 
valid genus ; its species being assigned to ^SceHp/mm and varions other genera. 
We have endeavoured, as regards this name, to reeoncilcj the iionienclature of 
previous authors with that used in the new catalogue by placing the generic name 
adopted in the latter in brackets. 
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to be specially attaclied to the habitations of human beings, 
lloth has given an account of the habits of F. (Sceli2)hro7i) 
laetus in Australia; he says that in some parts it is very 
difficult to keep these wasps out of the houses ; the nest is 
formed of mud, and constructed on the furniture or in any part 
of a room that suits the fancy of the Insect. This it must be 
admitted is, according to human ideas, liable to the charge of 
lieing very capricious. Eoth timed a wasp building its nest, 
and found that it brought a fresh load of mud every two or 
three minutes. If the wasp be allowed to complete the nest 
undisturbed, she does so by adding to the exterior diagonal 
streaks of mud, so giving to the nest the look of a small piece 
of the bark of a common acacia. The construction consists of 
from ten to twenty cells, and when completed is provisioned 
with spiders for the use of the young. This wasp is much 
pestered by parasites, some of which prevent the development of 
the larvae by consuming the spiders intended by the mother- 
wasp for its young. A fly, of the Order Diptera, is said to follow 
tlie wasp when carrying a spider, and to deposit also an egg on 
the food ; as the Dipterous larvae have more rapid powers of 
assimilation, the Felo^^cmts larvae are starved to death ; and their 
mildewed remains may be found in the cell, after their enemies 
have become fully developed and have flown away. Another 
parasite is said to eat the wasp-larva, and attains this end by 
introducing an egg through the mud wall and the cocoon of the 
wasp — a habit that seems to indicate a Zeueos;pi(l parasite. 
Tctohytes australis, a wasp of the sub-family Larrides also dis- 
possesses this Felojoaeus in a manner we shall subsequently 
describe. This fragment of natural history from Australia has 
a special interest, for we find repeated there similar complex 
biological relations to those existing in the case of the European 
congeners. 

F. (Sceliphron) madraspatanus is common in the north-west 
provinces of Hindostan, and is called the mud-dauber '' by the 
European residents. According to Horne it constructs its cells in 
the oddest places, but chiefly about the inhabited apartments in 
houses. It is perfectly fearless when engaged in building : the 
cells are four to six in number, and are usually provisioned with 
spiders to the number of about twenty. On one occasion 
it was observed that green caterpillars were stored instead of 
VOL. VI I 
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spiders. The species is said to be protected ])y ii pef'uliHr odour 
as well as by its sting; it is also stated tli.it it disguises its 
edifice when completed by making it look like u, d<*i,l) of imid, 
and on one occasion ‘'rays of mud were ol)S(‘rved round th(^ nest, 
even more exactly imitating a lump of mud thrown witli sonu^ 
force.” F, (Sceli2Fi'ro7i) bilineaiiisj'ovumvly tfiought to he a, va,riety 
of P. onadraspcLtmviis, builds its nests in hedges and triads. 

Sub-Fam. 2. Ampulicides. — Froth, orax lonf/ «ii(t n<(rr(onJ\)rmln(f 
a 7 ieck in front ; chjj)ms hcdk-Iihx ; four mhind rijin.tfl rrf/s^ 
the outer one hemg coni'plete ; ‘inxtu.thordx rJoiujutr, the pes*- 
terior fart of the inetaste/ninm deeply dlnided Ut dlioie ft 
perfect inflection of the cibdonicn. 

This is one of the smallest of the divisions of tlie Sphegidae, 
but has a very wide distribution, being represtudnd in both 
the Eastern and Western Hemispheres. It is a.Ili(*d to tlu^ 
Sphegides, but differs by the ]3rolongation of tin* neck and of tht^ 
head, and by the articulation between the ptddole and thorax 
being placed on the under surface of the body; tlu*. wing- 
nervures are said to be of inferior importaiUM^ owing to tludr 

frequently differing in indi- 
viduals of th(^ Sana* sjaudes. 
The-se Insticts appear to be 
rare in individuals, as vv(dl as 
few in sjie.eies, and but little 
has 1 ) 0(01 rec.onkul a,s to tludr 
habits; but it is known that 
they live on eoe.k roaches. Ptu*- 
kins has given n lubd* sketch 
of the habits of Ampulex did- 
7'iea that is of gr(*a,t interest, 

I but re(piir(3s confirmation, lb* 
says tliat this Inse(*t, in W(^st 
Africa, enters apartnu*iit.s wliere 
cockroaches abound, and attack- 
ing one, that may prohaJily be, 
four times its own .size, ««,> 

ceeds, after U8(,ru((gle, in Hting- 
mg It; the cockroach instantly becomes quiet and sut.mi.s.siv(!, and 
suffers Itself to be led away and placed in conlinement in .some 
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spot such as a keyhole, and in one case was ap])ai‘ently pre- 
vented from afterwards escaping, by the wasp carrying some 
heavy nails into the keyhole. The larva of the Ain^yulcx may 
be presumed to live on the Elattid, as it is added that dead 
bodies of tlie cockroaches are freipiently found with the empty 
cocoon protruding from them. This account, if correct, points to 
some features in the habits of this Insect that a, re unique. A 
remark made by Eothney in reference to the habits of A. {lild- 
no'psis) rufioornis seems to indicate some similar instinct on tlie 
part of that species ; he says, '' I also saw two or three of tliese 
wasps collar a peculiar cockroach by the antennae and lead it off 
into a crack in the bark, but as the cockroach reappeared smiling 
each time, I don’t know what was up.” The same observer records 
that this species associates with Simarufonigra, an ant it greatly re- 
sembles in appearance, as well as with a spider tliat is also of similar’ 
appearance (Fig. 72). Schurr has given a brief account of the 
proceedings of Aongndex conipressa, and his statements also tend 
to confirm the correctness of Perkins’ report. The habits of a 
species of Ampulex were partially known to Eeaumur, who 
described them on the authority of M. Cossigni. The species is 
lielieved to be A, com^yressa, which occurs not only in Ea,st India, 
but also in the island of Eourbon, the locality where M. Cossigni 
made his observation : his account is, like the others, a mere 
sketch of certain points observed, the most important of which 
is that when Aynjpulex cannot introduce the cockroach into a 
hole that it has selected as suitable, it bites off some portions 
of the body in order to reduce the poor Insect to the necessary 
extent. 

From these fragmentary observations it would apipear that 
the sting of the Awipulex has not so powerful a paralysing effect 
as that of most other Fossores ; and that tlie Awgmhx does 
not form any nest, but takes advantage of suitable holes and 
crevices to store the victim in ; also that it displays consider- 
able ingenuity in the selection of materials with wliich to block 
up) the cavity in which it has pdaced the partially incapacitated 
creature. 

The genus DolicJiurus is by some entomologists considered 
the type of a sub-family allied to the Ampulicides ; it long 
consisted of a small and rare European Insect, but some exotic 
species have recently been added to it. It will probably prove not 
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sufficiently distinct from Ampiilicides, although the pronotuiu is 
much shorter, but Handlirsch has recently observed tha.t the 
European species attacks Blattidae as do the normal Ampulix'idcvs ; 
and Ferton has recorded that D. liacmorrlimis lives at the expense 
of Lohoptera decipie-ns, the wasp depositing its egg on the left 
intermediate femur of the prey. This is placed in a solitary 
cell, and is entirely consumed by the larva, life being preseiwed 
till within a few hours of the end of tiie repast, which occupies 
altogether eight days. 


Sub-Pam. 3. Larrides. — Hind body not (vr vnth 

only a short pedicel ; one spur 07 i the middle tihia ; hdiruui 
inconspicuoiLS. Margined cell of the froiit vmiys a/ppend/i- 
tidcde} or ma^idiUes excised externally, or both. 


This group is by some writers called Ta,chy tides instead of 
Larrides, as owing to a change of nomenclature Tarhytes may now 
be considered its princiiDal genus. It is in connection with 
this and the neighbouring sub - families of Spheghhie that some 
of the greatest taxonomical difficulties exist. We include in 
Larrides the Miscophus group ” of Kohl. 

The species of the genus Tachytes seem to have hal)itH very 
similar to those of the genus Sphex ; they form shafts in tlie 
earth and provision them with Orthoptera; lilm the anti 

other Fossores, they have the habit, when they fly to their tunnel 
with a victim, of depositing it for a short tinui on the ground 
close to the mouth of the burrow while th(‘y turn round and 
enter backwards; and, after doing tliis they again seize tlieir 
prey and drag it into the burrow. Fabre ava,iled himself of an 
opportunity to remove the prey while the Ilymenopteron was 
entering the hole alone; as a result it had to conui out again to 
seek the object; this it soon found, and carried to the hole, 
relinquishing it again as usual while it turned round; Fabre 
repeated the operation several times, and always with the same 
result ; the wasp, though it might have kept hold of the victim 
while it turned, and thus have saved itself from losing the 
precious object, never did so. 


_ men a second cell is more or less perfectly marked out, tke cell with which 
It lb connected is said to be appendiculatc. The nerviircs Irmiuently extend beyond 
complete cells towards the outer margin, forming “ incrmijiletc ” cells; only 
complete cells are counted, except when “ incomplete ” is mentioned. 
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One species of Tachytes in the south of France selects as its prey 
Orthoptera of the family Mantidae, Insects of a highly ferocious 
disposition, and provided with 
most powerful front legs, 
capable of cutting in two by 
a single act the body of an 
aggressor like the Tachytes ; 
the latter is, however, by no 
means dismayed by the arms 
of its future victim, but hover- 
ing above the latter for some 
time, as if to confuse it, and 
causing it repeatedly to turn 
its very mobile head, the Tachytes pectini^^Cii 9 • 

Tachytes at last pounces down Britain, 

and instantaneously stings the Mantis in the nerve centre 
between the formidable arms, which at once are reduced to in- 
capacity ; subsequently the Tachytes paralyses each of the other 
pairs of legs, and then carries off its victim. 

Larm anathema chooses mole-crickets as the viand for its 
young, and Tachysyhex panzeri selects grasshoppers of the family 
Acridiidae. Larra jpompiliformis ( = Tachytes niger, Fabre) some- 
times associates itself with Sphex Jiavipemnis (? S. 'maxillosus, 
according to Kohl), forming its burrow amidst the works of a 
colony of that species, and making use, like the Sp^hex, of crickets 
for provender. This led Fabre to believe that the Larra stole 
its prey from the Sphex, but he has since withdrawn this indict- 
ment, and declares that the Larra obtains its crickets b;^ the moi'C 
honourable, if not more humane, process of catching and stinging 
them itself. Smith has informed us, on the faith of his own 
observation, that L. pompiliformis uses both Lepidopterous larvae 
and grasshoppers for its stores. 

T. (Jjarrada) australis, according to Whittell, plays the part of 
a burglar, breaking open the cells of Telopaeus {Sceliphron) laetus 
after they have been completed and stored with spiders ; it then 
takes possession of the cell, and curiously enough the Telopaeus 
permits this, although the cell contains its egg and the store 
of food that is intended for the use of its own young. To us 
this seems very strange, but it is probable that the Telopaeus 
has no idea of the consequences of the intruder's operations ; 
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it being one of the strange facts of nature that these highly 
endowed creatures never even see the oilspring for whose welfere 
they labour with such extraordinary ingenuity and perseverance. 
IsTeither can we suppose that they have a conception of it 
derived from a knowledge of their own individual history ; for 
their very complete metamorphosis is scarcely reconcilalde with 
any such recollection on their part. It may possibly tlierefore 
be the case that, having no idea whatever of the offspring, they 
are equally destitute of any conception that it will be destroyed by 
the operations of the LctTradct. However this may be, Whittell 
informs us that both wasps skirmish about for a little as if each 
were mistrustful and somewhat afraid of tlie other ; this ends by 
the Felo2Meus withdrawing its opposition and by the Larrada 
taking possession of the cell, which it then proceeds to divide 
into two, using for the purpose of the partition portions of the 
material of the nest itself ; possibly it . is only a contraction of 
the size of the cell, not a true division, that is effected ; liowever 
this may be, after it is accomplished the Larrada deposits its 
own egg in the cell, having, it is believed by Whittell, previously 
destroyed that of the Felofams. Judging from what occurs in 
other species it is, however, more probable that the destruction 
of the egg or young of the Felopaeus is carried out ])y the larva 
of the Larrada and not by the parent-wasp. From a remark 
made by Maindron as to the proceedings of La,Tmda onodesta, 
in Ternate, it seems probable that its habits may prove to be 
similar to those of L. australis, for it frequents the nests of 
Felopaeus after they have been completed. 

Sub-Fam. 4. Trypoxylonides. — Differ from luarrides hj the 
inner margin of the eyes being concave, and the marginal 
cell not appendiculate. {In Trypoxylon there is only one 
distinct suhmarginal and one distinct discoidal cell, a second 
of each being indicated faintly.) 

The nervuration of Trypoxylon is very peculiar, and differs 
from that of the widely-distributed genus Fison, though according 
to Kohl’s views the two may be correctly associated to form 
this sub-family. The species of Trypoxylon are apparently rather 
fond of human propimpiity, and build clay- or mud-nests in or 
near houses. T. albitarse has this habit, and is well known in 
Southern Brazil under the name of “ Marirnlouda da casa ” ; 
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this Insect, like Pelo'paeus, stores its nest with spiders, and 
Peckh(3lt has remarked that liowever great may be the number of 
spiders placed by the mother- wasp in a cell, they are all consumed 
by the larva, none ever being found in the ceil after the perfect 
Insect escapes therefrom. The European T. figulus forms a nest 
either in bramble-sterns or in sandy soil or walls ; it makes use 
of spiders as provisions. 

Snb-Fam. 5. Astatides. — Eyes very large, in the male, meeting 
Iroadly on the vertex ; two spurs on the middle tibia. 

We have two species of the genus Astata. in Britain : one of 
them — A. loops — is known to form burrows in the ground, each 
of which contains only a single cell ; this, it appears, is usually 
provisioned with bugs of the 
genus Fentatoma, Insects re- 
markable for their strong and 
offensive odour. St. Eargeau 
records that this species also 
makes use of a small cockroach 
for forming the food - store : 
thus exhibiting an unique 
catholicity in the toleration of 
the disagreeable ; almost the 
only point of connection be- 
tween bugs and cockroaches 
being their disagreeable char- 
acter. According to Smith, Oxybelus, another genus of Eossores, 
is also used. Authorities are far from agreement as to the 
validity and relations of the sub-family Astatides. It consists 
only of the widely-distributed genus Astata, with which the 
North American Biplopleetron (with one species) is doubtfully 
associated. 

Sub - Fam. 6. Bembecides. — Lalrum freq^uently elongate ; 
wing - nervures extending very near to the outer margin ; 
marginal cell of front wing not appendiculate ; mandiMes 
not emarginate externally ; hind lody stout, not pedicellate. 

The elongation of the labrum, though one of the most trust- 
worthy of the characters of the Bembecides, cannot be altogether 
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relied on owing to the variation it presents both in this and the 
allied siih-families. The Bembecides carry their prey to their 
young tucked underneath their own bodies and hugged to the 
breast ; they affect loose, sandy soils for nidification ; make use, 
in the great majority of the cases where the habits are known, 
of Diptera for provisions, and give these dead to the young ; 
making repeated visits to supply fresh food to the progeny, wliich 
notwithstanding this fact, are distributed in isolated burrows. 

One of the most interesting of Fabre’s studies of the instincts 
of Hymenoptera is devoted to Bemhex rostrata. The Bembecides 
have the habit of forming their nests in the ground in wide 

expanses of sand, and of cover- 
ing them up, they leave them 
so that there appears to be 
absolutely nothing by which 
the exact position of the nest 
can be traced ; nevertheless the 
Bemhex flies direct to it with- 
out any hesitation. How neces- 
sary it is to these Insects to 
possess this ferculty of finding 
their nests will be understood 
when we recall that the Bemhex 
does not provision its nest once and for all, but supplies the young 
at first with only insufficient food, and has therefor(3 to return at 
daily, or other intervals, with a fresh store of provisions. Tlie burrow 
is made in the sand by means of the fore-legs ; these work with 
such rapidity and skill that a constant stream of sand flows out 
behind the Insect while it is engaged in the act of excavation. 
The nest or cell in which the larva is to live, is formied by this 
process of digging ; but no fastening together of the material 
occurs, nor does any expedient seem, to be resorted to, other 
than that of making a way through the sand by clearing out all 
the pieces of stick or stone that might diminish facility of access. 
The cell being formed, the Bemhex leaves the spot in search of 
prey, and when it has secured a victim in the shape of a two- 
winged fly, it returns therewith to the burrow, and the booty is 
placed therein, an egg being deposited on it. The wasp then 
leaves the burrow, disguising, however, tlie spot where it is 
situate, and flies away ; to proceed possibly with the formation 



Fig. 47 . — Bemhex rosirata S, Europe. 
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of otlier liiuTOws.^ In the course of twenty - four hours tfie 
egg liatclies, and the larva in two or three days completely 
devours the stock provided for it. The motlier - wasp then 
returns with another fly — tliis time probably a larger one — 
penetrates rapidly to the bottom of the burrow, and again re- 
treats, leaving the second stock of provisions for the benefit of 
the greedy larva. These visits of siij^ply are repeated with increased 
frecpiency, as the appetite of the larva for the benefit of whicli 
tliey are made increases with its growth. During tlie fourteen 
or fifteen da,ys tliat fonn this portion of tlie life-cycle, the single 
hirva is supplied with no less than fifty to eighty Hies 1‘or food. 
To furnish this quantum, numerous visits are made to each 
l)UiTow, and as tlie mother Bemhex has several burrows — tliough 
liow many does not appear to be known — her industry at this 
time must be v<3ry great. All the while, too, a great danger has 
to be avoided, for there is an enemy that sees in the liooty 
brought l)y the Bemhex to its young, a ricli store for its own 
progeny. Tliis enemy is a feeble, two-winged fly of the family 
Tachinidae and the genus Miltogrcmi'ma ; it hangs about the 
neighbourhood of the nests, and sooner or later finds its 
opportunity of descending on the prey the Be/mhex is carrying, 
choosing for its purpose a moment wlien the Bemhex makes a 
l)ricf delay just at tlie mouth of the burrow ; then down comes 
the MUt/)[fmirmci and lays one, two, or three eggs on some portion 
of the booty tliat rnay be projecting from beneath the body of 
the wasp. This latter carries in the food for its own young, ]jut 
thus introduces to the latter the source of its destruction, for the 
MllfA}(jTatim.a larvae eat up the supply of food intended for the 
Ber/ihex larvae, and if there be not enough of this provender tliey 
satisfy their voracity liy eating the Bemhex larva itself. It is a 
remarkable fact that notwithstanding the presence of these 
strange larvae in the nest the mother Bemhex continues to bring 
food at proper intervals, and, what is stranger still, makes no 
effort to rid the nest of the intruders : returning to the burrow 
with a supiply of food she finds therein not only her legitimate 
offspring, a single tenant, but several others, strangers, it may 
be to the number of twelve ; although she would have no 
difficulty in freeing the nest from this band of little brigands, 
she makes no attempt to do so, hut continues to bring tlie 

^ See on this point the note on p. 130. 
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supplies. la doing so she is fulfilling her duty ; iiiiitters 

it that she is nourishing the enemies of her race ? ]>otli ra.c(i 
and enemies have existed for long, perhaps for untold pm'iods of 
time, why then should she disturb herself, or deviate from her 
accustomed range of duties ? Some of us will see in siudi pro- 
ceedings only gross stupidity, while others may look on them as 
sublime toleration. 

The peculiar habits of Bembex rostrata are evidtmtly cdoscdy 
connected with the fact that it actually kills, instead of imu’ely 
paralysing, it.s prey; hence the frequent visits of su]>|)l\oirc‘- neces- 
sary that the larvae may have fresh, not putrefying;, food ; it may 
also be because of this that the burrow is made in a place of loose 
sand, so that rapid ingress may be possible to the .Br.inhrx it.seli’, 
while the contents of the burrow are at tlu.^ same time. ])rob‘ct(‘(I 
from the inroads of other creatures by the ljurrow being filbal 
up with the light sand. Tabre informs us that tine lU'tnhex 
larva constructs a very remarkal)le cocoon in ecniin'ction with 
the peculiar nature of the soil. The unprotected creature has 
to pass a long period in its cocoon, and the saaidy, shifting soil 
renders it necessary that the protecting case shall lx*, solid and 
capable of keeping its contents dry and sound. Tdi(‘ larva, how- 
ever, appears to have but a scanty supply of silk a,vai]a,b]e for 
the purpose of constructing the cocoon, and timruWnv, a.(b)pts tla^ 
device of selecting grains of sand, and using tlie silk a.s a sort of 
cement to connect them together. Tor a full iiccfount of 
ingenious way in which this difficult task is accomplished the 
reader should refer to the pages of Fabre luiaself. Bemhe- 
cides appear to be specially fond of members of the. Talmiiidae 
(or Gad-fly family) as provender for their young. iiies 

infest mammals for the purpose of feasting on tla^ blood tli(*y 
can draw by their bites, and the Bembeeides do not In^sitade t.o 
capture them while engaged in gratifying their blood-thirsty pro- 
pensities. In ISTorth America a large species of I >< *111 f)ee. id somc*.- 
times accompanies horsemen, and catches the flies that (‘oim; to 
attack the horses; and Bates relates tliat on tlu*. Amazons a 
Bembecid as large as a hornet swooped down and (mptuiifd 
of the large blood-sucking Motuca flies that had H(*ttlc‘cl on his 
neck. This naturalist has given an account of some of the 
Bembeeides of the Amazons Valley, sliowing that the habits there 
are similar to those of their European congeners. 
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Sphecius speciosus is a member of the Stizinae, a group i*ecog- 
nised bj some as a distinct sub-family. It makes use, in North 
America, of Insects of tlie genus Cicada as food for its young. 
Burrows in the ground are made by the Insect ; the egg 

is deposited on the Cicada, and the duration of the feeding-time 
of the larva is believed to be not more than a week ; the pupa 
is contained in a silken cocoon, with which much earth is incor- 
porated. Eiley states that dry earth is essential to the well- 
being of this Insect, as the Cicada become mouldy if the earth 
is at all damp. As the Cicada is about twice as heavy as the 
^•phecvm itself, this latter, when about to take the captured 
burdeir to the nest, adopts the jdan of climbing with it to the 
top of a tree, or some similar point of vantage, so that during its 
flight it has to descend with its heavy burden instead of having 
to rise with it, as would be necessary if the start were made from 
the ground. 

Sub-Fam. 7. Nyssonides. — Lah'um short; mandihles entire on 
the oi.iter edge ; hind tody usually not pedicellate ; loing 
witlh the marginal cell not appendiculate. 

Tins group has been but little studied, and there is not much 
knowledge as to the habits of the species. It is admitted to be 
irnpossilde to define it accurately. It is by some entomologists 
considered to include Mellinus, in which the abdomen is pedi- 
cellate (Fig. 48 ), while others treat that genus as forming a 
distinct sub-family, Mellinides. Kohl leaves Mellinus unclassified. 
Gerstaecker has called attention to the fact that many of the 
Insects in this group have the trochanters of the hind and middle 
legs divided : the division is, as a rule, not so complete as it 
usually is in Hymenoptera Parasitica ; but it is even more marked 
in some of these Nyssonides than it is in certain of the parasitic 
groups. 

Mellinus arvensis is one of our commonest British Possores, 
and we are indebted to the late P. Smith for the following 
account of its habits : '' It preys upon flies, and may be commonly 
observed resorting to the droppings of cows in search of its prey; 
it is one of the most wary and talented of all its fraternity ; were 
it at once to attempt, by a sudden leap, to dart upon its victim, 
ten to one it would fail to secure it ; no, it does no such thing, 
it wanders about in a sort of innocent, unconcerned way, amongst 
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the deluded flies, until a safe opportunity presents itself, when 

its prey is taken without any 
chance of failure ; such is its 
ordinary mode of proceeding. At 
Bournemouth the flies are more 
active, more difficult to capture, 
or have they unmasked the 
treacherous Mellinus ? and is it 
found necessary to adopt some 
fresh contrivance in order to 
accomplisli its ends ? if so, it is 

Fig. 48 . — Mellinus arvensis $. Britain. . i r* • 1. • i • t 

not deficient in devices. I 
noticed once or twice, what I took to be a dead spiecimen of 
Mellinus, lying on patches of cow-dung ; but on attempting 
to pick them up off they flew ; I at once suspected tlie crea- 
ture, and had not long to wait before my suspicions were 
confirmed. Another, apparently dead fellow, was observed ; and 
there, neither moving head or foot, the treacherous creature lay, 
until a fine specimen of a Bluebottle ventured within its grasp, 
when, active as any puss, the Mellinus started into life, and 
pounced upon its victim.” 

Lucas states that in the •north of France Mellinus salmlosus 
provisions its nest with Diptera, which it searches for on the 
flowers of Umhelliferae, and then carries to its nest. This is a 
burrow in the earth, and when it is reached the Hyrnenopteron 
deposits its Insect burden for a moment on the ground while it 
turns round in order to enter the burrow backwards. The same 
writer states that two varieties of this Insect live together — or 
rather in the same colonies — and make use of different species 
of Diptera, even of different genera, as food for their young. 
These Diptera are stung before being placed in the nest. The 
stinging does not kill the Insect, however, for Lucas was able to 
keep one specimen alive for six weeks after it had passed this 
trying ordeal. 

Sub-Fam. 8. Philanthides. — Lalmim small ; anterior wings with 
three comjplete suhmarginal cells ; hind 'body constricted at 
the base but not so as to form a slender pedicel. 

This sub-family contains Insects resembling wasps or Cra- 
bronides in appearance, and is, as regards the X)ronotal structure. 
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i)(*tw(*(‘ri the*, [avo <4T(‘a,(. divisions oF th(i Kossorcis, For 
the prouot.al loh(‘ (‘xtinids lUNirly or (juite <is Fa,r back as tli(‘- 
teguhu‘, a,ud in Ph/lanthns the two come into almost actual 
couti^’uity. 

Th(‘. s|)eci(‘s ol th(‘. j^mius fUrrr.ris a,r(^ nuimu’ous in Europe, 
and several of tlimn a-ni known to inakii burrows in the ground, 
and store thmn with luictle.s For th(‘- beneFit oF the Future larvaxi. 
The lu'etles ehosiui dilF(*r in Family according to the species oF 
Cerixns ; but it ajipieirs From the observations of Eabre and DuFour 
tha.t one kind oF f/c/ycr/.s 
luAUir in its scdection goi^s 
out of th(‘. limits oF a, 
particular Famiily oF 
heeth's, but, curiously 

enough, will take lnse(*-ts 
most (lissimihir in Form 
and colour providtid th(‘.y 
lielong to the l»Poper 
family. I'his chou'c, so 

wide in om‘. dircuddon and 
so limited in another, 
se(nns to ])oint to tin? 
existence^, of soim*. semse, 
of the natuin of which we are unaware, that (kdermiues the 
selection mad(i liy tlie Insect, hi the case of our ?>ritish Hpeci(*.s 
of (JeireriH, Smith observed G. arenaria carrying to its nest (Jur- 
culionidm^ of very divta/se forms; while 0. lahiata used a beetle 
— Jfaltlm the family (Jhrysoiiielidaci. 

The IxMddcjB, after ))eing caught, are stung in the dried’ 
articnlation of tlui laxly, that, namely, between the pro- and 
inesothorax. Oerceris bujrreHti<yid(0 coniines itsedf exclusivtdy to 
heetkrs of the family Bu[jre8tidae. It was by observations on 
this Insect that ])ufour first discovered the fact that the Ins(‘.cts 
stored up do not decay: he thought, liowever, that this was due 
to tlie liipiid injected liy the wasp ex(‘.reising some antiseptic 
power; hut the observations of Eabre have shown that the pro 
servation in a fresh state is due to life not being extinguished; 
the stillness, almost as if of death, being due to the destruction 
of the functional activity of the nerve centres that govern the 
inoveiuents of the limbs. 



Fig. 49 . — Philanthus tnawjulim. Britain. 
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It has long been known that some species of Ce/rceris prey on 
bees of the genus SaUctus, and Marchal ha,s recently described 
in detail the proceedings of C. ornata. This Insect catches a 
Halichis on the wing, and, holding its neck with the iiiaiidi])les, 
bends her body beneath it, and paralyses it by a sting admin- 
istered at the front articulation of the neck. The HalivMis is 
subsequently more completely stunned or bruised by a process of 
kneading by means of the mandibles of the Cercerk. Marchal 
attaches great importance to this “ malaxation ; indeed, he is of 
opinion that it takes as great a part in producing or prolonging 
the paralysis as the stinging does. Whether the malaxation 
would be sufficient of itself to produce the paralysis he could not 
decide, for it appears to be impossible to induce the Cenxris to 
undertake the kneading until after it has reduced the Ilalictus 
to cpiietude by stinging. 

Tabre made some very interesting observations on Cerceris 
ticberculata, their object being to obtain some definite facts as to 
the power of these Insects to find their way home when removed 
to a distance. He captured twelve examples of the female, 
marked each individual on the thorax with a spot of white 
paint, placed it in a paper roll, and then put all the rolls, with 
their prisoners, in a box ; in this they were removed to a distance 
of two kilometres from the home and then released. He visited 
the home five hours afterwards, and was speedily able to assure 
himself that at any rate four out of the twelve liad returned to 
the spot from whence they had been transported, and he enter- 
tained no doixbt that others he did not wait to capture had been 
equally successful in home-finding. He then commenced a second 
experiment by capturing nine examples, marking each witli two 
spots on the thorax, and confining them in a dark box. They 
were then transported to the town of Carpentras, a distaau'c of 
three kilometres, and released in the public street, “ in the centre 
of a populous quarter,” from their dark prison. Each CWceris 
on being released rose vertically between the houses to a sufficient 
height, and then at once passed over tlie roofe in a southerly 
direction — the direction of home. After some hours he went 
back to the homes of the little wasps, but could not find that 
any of them had then returned ; the next day he went again, 
and found that at any rate five of the Oerceris liberated the 
previous day were then at home. Tins record is of considerable 
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interest owing to two facts, viz. that it is not considered tluit tlie 
CerccTiS as a rule extends its range far from home, and that the 
specimens were liberated in a public street, and took tlie direc- 
tion of home at once. 

Fliilantlbus apivorus is one of the ])est known of tlie memliers 
of this sub -family owing to its habit of using the domestic 
honey-bee as the food for its offspring. In many res[)eets its 
habits resemble tliose of Cerceris ornaia, except that the ]%il- 
anili/us apparently kills the bee at once, while in the case of the 
Cerceris, the Halictus it entombs does not perish for several days. 
The honey-bee, when attacked by the Pldlaiithus, seems to be 
almost incapable of defending itself, for it appears to have no 
power of finding with its sting the weak places in tlie armour 
of its assailant. According to Fabre, it has no idea of the F'lhiU 
anthm being the enemy of its race, and associates with its 
destroyer on amicable terms previous to the attack being made on 
it. The Fkilanthas stings the hee on the under-surface of the 
menturn; afterwards the poor bee is sulijected to a violent process 
of kneading, by which tlie honey is fon'cd from it, and this tlie 
destroyer greedily imbibes. The bee is then carried to the nest 
of the Fhilanthus. This is a burrow in the ground ; it is of 
unusual depth — about a yard according to Fabre — and at its ter- 
mination are placed the cells for the reception of the young;, in 
one of these cells the bee is placed, iind an egg laid on it : as 
the food in this case is really dead, not merely in a state of 
anaesthesia, the Fh/danthus does not complete tlie store of food 
for its larvae all at once, but waits until the latter has consumed 
its first stock, and then the mother-wasp supplies a fresh store 
of food. In this case, therefore, as in Bc'inbex, the mother really 
tends the offspring. 

Sub-Fam. 9. Mimesides. — Smcdl Insects loith peclicella.te Jmid 
body, the pedicel not cylindric ; mandihles not excised ex- 
tcrncdly ; inner margin of eyes not concane ; middle tihici 
with one spur ; wings with two, or three, submarginal cells. 

Mimesides is here considered to include the Pemphredonides 
of some authors. Mimesides proper comprises but few forms, and 
those known are small Insects. Fsen concolor and F. atratus 
form their nests in hollow stems, and the former provisions its 
nest with Homopterous Insects of the family Psyllidae. Little 
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Fig. 50. — Mimesa hicolor $ . 
Britain. 


information exists as to their habits; but Verhoeff states that 

the species of Tspm — like mem- 
bers of the Pemphredoniiiae — 
do not form cocoons. 

The Pemphredoniuc subdivi- 
sion includes numerous small and 
obscure Insects found chiefly in 
Europe and North America (Fig. 
51, F. lugubTis)\ they resemble 
the smaller black species of Cra- 
bronides, and are distinguished 
from them chiefly by the exist- 
ence of at least two complete, 
submarginal cells on the an- 
terior wing instead of one. 

The species of Passaloecus live in the burrows that they form 
in the sterns of plants ; Femphredo7i hcfpibris frequents the decayed 
wood of the beech. The larva and pupa of the latter have been 
described by Verhoeff; no 
cocoon is formed for the 
metamorphosis. .Both these 
genera provision their nests 
with Aphidae. This is 
also the case with Siigmus 
'penclulus, but the burrows 
of this species form a com- 
plex system of diverticula 
proceeding from an irregu- 
lar main channel formed in 
the pithy stems of bushes. 

Cemonus unicolor, according to Giraud, forms its burrows in 
bramble -stems, but it also takes advantage, for the purposes 
of nidification, of the abandoned galls of Cgnips, and also of 
a peculiar swelling formed by a fly — Liparcc lucens — on the 
common reed, Arundo phragmiieB. This species also makes 
use of Aphidae, and Verhoeff states that it has only an imperfect 
instinct as to the amount of food it stores. 



Fig. 51. — Pemphredon hujuhns 9. Britain. 


Sub-Fam. 10. Orabronides. — Pronoium sho7d, front wing with 
one complete suhmurgwial and two discoidal ceils : hind body 
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vaTiablej inform, jKdirdlate in some ahnorinal forms, but more 
usucdly not stalked. 

The Crabronicles (VesjKt erabro, the hornet, is not of this sul)- 
hiniily) are wasp-like little Insects, witli lumsnally robust a,iul 
quadrangular head. They frequently have the hind tilriae more 
or less thickened, and the clypeus covered with metallic hair. 
It appears at present 
that they are specially 
attached to the tem- 
perate regions of tlie 
northern hemisphere, 
but this may possibly ])e 
in part due to their 
1 laving escaped attention 
elsewhere. , In Britain 
they form the most im- 
portant part of the 
fossorial Hymenoptera, 

fclie genus Cmhm fic. 9. initai.,. 

(with numerous sul)- 

genera) itself comprising thirty species. The males of some of 
the forms have the front tiljiae and tarsi of most extraordinary 
shapes. They form Inirrows in d(‘ad wood, or in pithy stems, 
(occasionally in the eartli of cliffs), and usually store tliem witli 
Diptera as food for the larvae : the wings and dried portions of 
the bodies of the flies consumed by Crabronides are often exposed 
to view when portions of old wood are broken from trees. 

The genus Oxybelus is included by some systematists, but 
with doubt, in this suli-fainily ; if not jdaced here, it must form a 
distinct sub-family. It has the metathorax spinose, and the sub- 
marginal and first discoidal cells are not, or are scarcely, sejiarated. 

Crabro Uueostomus has been observed by Fletclier to form 
cells for its larvae in the soft wood of broken willows : the food 
stored therein consists of two-winged flies of the family Dolicho- 
podidae. This Gretbro is parasitised by an Ichneumonid of the 
genus Tryjphon, and by a two-winged fly oC uncertain genus, but 
belonging to the family Tachinidae. The metamorphoses of 
Crabro chrysostomus liave been briefly described by Verhoeff : 
the food stored consists of Dipitera, usually of the family Syr- 
YOL. VI K 
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phidae ; tlie larva spins an orange-red cocoon, passes the winter 
therein, and assumes the pupal form in the spring ; there is, he 
says, a segment more in the female pupa than there is in the male. 

The species of the sub-genus Orossocerus provision their nests 
with Aphididae, but C. ivesmaeli makes use, for tlie purpos(‘, 
according to Ferton, of an elegant little hy of the ikmily 
Tipulidae; according to Pissot this same wasp also makes use 
of a species of Ty^phloeyha, a genus of the Homopterous division of 
Ehynchota. Supposing there to be no mistake as to this latter 
observation, the choice of Diptera and of Homoptera by the same 
species indicates a very peculiar habit. 

Fertonms (Crossocerus) luteicollis in Algeria forms cells at a 
slight depth in sandy soil, and provisions them with ants. The 
ant selected is Tapinoma erratimm, and the individuals captured 
are the wingless workers. The mode of hunting has been de- 
scribed by Ferton ; the wasp hovers over one of the ant-paths at a 
distance of a few millimetres only above the surface, and when 
an ant that is considered suitable passes, the 'Fe/rUmms pounces 
on it, stings it, and carries it off to the burrow ; forty or fifty 
ants are accumulated in a cell, the egg is laid in the heap of 
victims about one-third of the depth from tlie liottom ; the 
resulting larva sucks the ants one^ by one, by attaching itself to 
the thorax behind the first pair of legs. There is a very 
interesting point in connection with the habits of this species, 
viz. that the ants are not only alive, but lively ; they have, 
however, lost the power of co-ordinating tlie movements of the 
limbs, and are thus unable to direct any attack against the feeble 
larva. Ferton thinks there are three generations of this species 
in a single year. 


Note. — In a note on p. 99 we have inentioned the new publicalinn of 
Ml*, and Mrs. Peckham on the hahits of Fossores. We may here add tliat it 
contains much fresh information on these Insects, together with criticisiiis of 
the views of Fabre and others. One of the points most noteworthy is that 
they have observed Crabro stirpicola working night and day for a period of 
forty-two consecutive hours. They made experiments on Beinhex spinolae 
with a view of ascertaining whether the female provisions two nests siifiul- 
taneonsly ; as the result they think tins improliable. If the female Pembecid 
make nests only consecutively, it is clear it must have but a small fecundity. 
The larval life extends over about fifteen days ; and if we allow three inonths 
as the duration of life of a female, it is evident that only about six young 
can be produced in a season. 
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Division IV. Heterogyna or Formicidae — Ants. 


Th& mpmeni, or the. two serpnents, Iwhind the 'jvropodeum, either 
small or of irretjular form, so that if not fJi/roughout of 
small diamuUr, the arflundaMon with the segment heJdnd is 
slender, and there is great mobility. 

The troeJumters midivided. The 

individurds of e.aek species are \\\J / * Ty^' 

usually of three Jdnds, males, f can ales ^ Tj J p) 

and 'workers; the latter have no 
wings, but the 'males a.nd females ^ ^ 

are 'usually 'winged, thou gib the B 'XTr IklA 

females soon lose the flying orgams. 
lliey live 'in CAmimmiitles of various 
numbers, tlbe ma/jority being ivorkers. g, I c d- 
The larvae are helpless maggots fed, ^ 
and tended by the icwkers or by 
tlbe female. 

A Pir! ,A Af » 


Eifi. 53 -Al){loni(*.ns of ant«. 

A, Of (!avip< mollis nihripes 

In ants the distinction between the (Formicidos) ; b, of Kda- 

thre, gre,>t regio,,, rf tl» l.o.ly i» v,^ ST' 

niarhed. Tlie abdomen is connected (Myrmicides). a, i»ro- 

, .1 f • T podeum ; first abdominal 

With the piopodeum in a peculiar nianner, segment forming a scale or 

one or two seffinents bciriK detached no<i«;_c second; d, third 

A ^ ^ abdominal segment. 

Irom the mam mass to form a very 

mobile articulation. This is the most distinctive of the char- 
acters of ants. The structure and form of these parts varies 
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greatly in the family : and the Amblyoponides do not differ in 
a marked manner from the Scoliidae in lossorial Hymenoptera. 

The arrangement of the parts of the month is remarkable, 
and results in leaving the mandibles quite free and unconnected 
with the other trophi ; the mouth itself is, except during feeding, 

closed completely 
by the lower lip 
and maxilla assum- 
ing an ascending 
vertical direction, 
while the upper 
lip hangs down 
and overlaps the 
lower lip, being closely applied to it ; so that in Ponerides 
the palpi, except the apices of the maxillary pair, are enclosed 
between the upper and lower lips (Fig. 54, A). In Cryptocerini 
the palpi are not covered by the closed lips, but are protected by 
being placed in chinks at the outsides of the parts closing the 
mouth. The mandibles of ants can thus be used in the freest 
manner without the other parts of the mouth being opened or even 
moved. The mandibles close transversely over the rest of the 
mouth, and when shut are very firmly locked. There are, 
however, some ants in which the lips remain in the position 


Fig. 54. — Front of liead of THnoponera <jrandis. 
A, Mouth closed ; B, open. 


usual in mandibulate Insects. 

The antennae, except in the males of some species, have a 
long basal joint and are abruptly elbowed at its extremity. The 
eyes and ocelli vary excessively, and may be totally abshnt or 
very highly developed in the same species. The winged forms 
are, however, never blind. The size of the head varies extremely 
in the same species; it is frequently very small in the males, 
and largest in the workers. In some ants the worker -caste 
consists of large-headed and small-headed individuals ; the former 
are called soldiers, and it has been supposed that some of them 
may act the part of superior officers to the others. It should be 
clearly understood that there is no definite distinction between 
soldiers and workers; so that in this respect they are widely 
different from Termites. 

The complex mass forming the thorax is subject to great 
change of structure in the same species, according as the indi- 
viduals are winged or wingless. The sutures between the dorsal 
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(notal) pieces are Ireqiieiitly obliterated in the workers, while 
they are distinct in the males and females, and the pi(x‘.es them- 
selves are also imicli larger in size in tliese sexecl individuals. 
The pro-mesotlioracic stigma, is 
a.pparently always distinct ; the 
meso-metathoracic one is distinct 
in the male Doryhis, hut can scarcely 
he detected in tlie winged forms of 
other ants, owing to its being en- 
closed within, and covered by, tlie 
suture between the two segments ; 
in the workers, however, it is usually 
quite conspicuous. The posterior 
part of the thoracic mass, the pro- 
podeum or median segment, is of 
considerable size ; no transverse 
suture between the component pieces 
of this part can be seen, but its 

stigma is always vei-y distinct. The r^z.-Oe.co,Uma cq,hahU‘». South 

peduncle, or pedicel, formed by the ' America, a, Workta- major ; B, 

, , , , lemale after the wiiig.s. 

extremely mobile segment or seg- 
ments at the base of the abdomen (already noticed as form- 
ing the most conspicuous character of the family), exhibits much 



Fig. 56. — Stridnlating organ of an ant, Myrmica ruhra, var. Imvinodis. Sagittal section 
of part of the 6th and 7th post-cephalic segments. (After Janet.) a, muscles ; 
5, connecting membrane (corrugated) between 6th and 7th segments : c, 6th seg- 
ment ; <7, its edge or scraper ; c, striate area, or file on 7th segment ; /, posterior 
part of 7 th segment ; p, cells, inside body ; A, trachea. 

variety. Sometimes the first segment bears a plate or shield 
called a scale (Fig. 53, A, Z;) ; at other times there are two 
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small segments (Fig. 53, ]>, C, I, r) forming iio(l(‘s or knots, of 
almost any shape. The articulations Ijetween tliese segments are 
of the most perfect description. In many ants these parts Ijear 
highly developed stridulating organs,and the delicacy and perfection 
of the articulations allow the parts to he 
moved either with or without ]:)ro(hicing 
stridulation. In the male stix the peduncle 
and its nodes ai*e much less perfect, and 
possess comparatively little capacity for 
movement; in the male of Dorjflm (Figs. 
79, A, and 80,/) the single node is 
only imperfectly formed. The eyes and 
ocelli of the males are usually more 
largely developed than they are in the 
female, though tlie head is much smaller. 

'J.die legs of ants are elongate, except 
in a few forms ; the Cryptocerini and 
the males of Dorylides l)eing the most 
conspicuous exceptions. The tarsi are 
tive-jointed, tlie l)asal joint heing dis- 
proportionately elongate, so that in use 
it acts in many species as if it were a 
poncra (tip of tibia, portion of the til)ia, tlie other four joints 

and the base of the first joint lOrmiTlg the lUnctlOlial lOOt. ihe iront 

of the tarsus ; cf. fig. 75^ tibiae are fuimished with a beautiful 
A, Inner, B, outer aspect. 

combing apparatus (Fig. 57). 

Features of Ant-life. — In order that tlie ixiader may rcfilise 
the nature of ant-life we may lirietly recount its mor(‘, usual and 
general features. ISrumerous eggs are produced iu a nest liy one 
or more queens, and are taken care of liy workers. These eggs 
hatch and produce lielpless maggots, of whicli great care is 
taken by the workers. These nurses fc(^d tlieir charges from 
their own mouths, and keep the ludpless creatures in a fitting 
state hy transporting them to various chambers in conformity 
with changes of temperature, humidity, and so on. When full 
grown the maggots change to pupae. In some species the 
maggots form cocoons for themselves, but in others this is not 
the case, and the pupae are naked.^ After a brief period of 

^ The pupae and cocoons of ants are usually called by the uninstructed, ants’ 
eggs.” In tills country they are used as food for pheasants. 



Fig. 57 . — Comb.s and bruslie.s 
on front leg of an ant, Dino- 
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jiiipal life ii iiietainorphosis into tlie juaTocli Tns(*(*.t occurs. TiK3 
creatures then disclosed may lie either winged or wingless ; the 
wingless are the workers and soldiers — iinperlect lemales — tlie 
winged are males or lemales fully developed, 'jdie woikers ixv 
main in or near the nest they were jiroduced in, l)ut the winged 
individuals rise into the air for a nuptial flight, often in great 
uumhers, and couple. When tliis is accomplished the malt3 
speedily dies, hut the females cast their wings and are rea, dy to 
enter on a long life devoted to the production of eggs. From 
this account it will 1x3 gathered that males are only found in 
the nests for a very short time ; the great communities consist- 
ing at other periods entirely of the two kinds of females and of 
young. The imperfect females are themselves in some species 
of various kinds ; each kind being* restricted, more or less com- 
pletely, to a distinct kind of duty. 

No Insects are more familiar to ns than ants; in warm 
countries some of tliem even invade the habitatioiis of man, or 
establish their communities in immediate proximity to his 
dwellings. Their industry and pertinacity have, even in r(‘mot(3 
ages, attracted the att(3ntiou and admiration of serious men ; som(3 
of wliom — we need scarcely mention Solomon as <amongst them-^ — 
have not hesitated to point out these little crt‘atiires as wortliy 
of imitation by that most self-complacent of all the species of 
animals, IIom.o sctj/iens. 

Observation has revealed most remarkable j)lienomena 
ill the lives of these Insects. Indeed, we can scarcely avoid 
the conclusion tliat they have ac(piired in many respects 
the art of living together in societies more perfectly than 
our own species has, and that they have anticipated us in th(3 
acquisition of some of the industries and arts that greatly 
facilitate social life. The lives of individual ants extend over a 
considerable nuniher of years — -in tlie case of certain species at 
any rate — so that the competence of tlie individual may be 
developed to a considerable extent by exercise ; and one genera- 
tion may communicate to a younger one by examjde the arts 
of living by wliich it has itself profited. The prolonged life of 
ants, their existence in tlie perfect state at all seasons, and the 
highly social life they lead are facts of the greatest biological 
importance, and are those tliat we should expect to be accom- 
panied by greater and wider competence than is usually exhibited 
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by Insects. There can indeed be little doubt that ants are really 
not only the “ highest ” structurally or niechanically of all Insects, 
but also the most efficient. There is an American saying to 
the effect that the ant is the ruler of Brazil. We must add a 
word of qualification ; the competence of the ant is not like that 
of man. It is devoted to the welfare of tlie species rather tlian to 
that of the individual, which is, as it were, sacrificed or specialised 
for the benefit of the community. Tlie distinctions between the 
sexes in their powers or capacities are astonishing, and those 
between the various forms of one sex are also great. 'The differ- 
ence between different species is extreme; we have, in fact, the 
most imperfect forms of social evolution coexisting, even locally, 
with the most evolute. 

These facts render it extremely difficult for us to appreciate 
the ant ; the limitations of efficiency displayed by tlie individual 
being in some cases extreme, while observation, seems to elicit 
contradictory facts. About two thousand species are already 
known, and it is pretty certain that the num])er will reach at 
least five thousand. Before passing to tlie consideration of a 
selection from what has been ascertained as to the varieties of 
form and of habits of ants we will deal briefly with tlieir habita- 
tions and polymorphism, reserving some remarks as to their 
associations with other Insects to the conclusion of this chapter. 

Nests. — Ants differ greatly from the other Social Hymenoptera 
in the nature of their habitations. The social bees construct cells 
of wax crowded together in large numbers, and tlie wasps do the 
like with paper ; the eggs and young being placed, each one in a 
separate cell, the combinations of which form a comb. Ants 
have, however, a totally different system ; no comli is constructed, 
and the larvae are not placed in cells, but are kept in masses and 
are moved about from place to place as the necessities of tempera- 
ture, air, humidity and other requirements prompt. The habita- 
tions of ants are in all cases irregular chambers, of which there is 
often a multiplicity connected by galleries, and they sometimes 
form a large system extending over a considerable area. Thus 
the habitations of ants are more like those of tlie Termites than 
those of their own allies among the Hymenoptera. They are 
chiefly remarkable for their great variety, and for the skilful 
manner in which they are adapted by their little artificers to 
particular conditions. The most usual form in Europe, is a 
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niiiiiber of subterraneaM ebanibei’s, oftou iiudor l)li(3 (jf a 

stone, and connected by galleries. It is of course v(‘ry diiruMilt to 
trace exactly the details of sucli a work, because wlien excavations 
are made for tlie purposes of examination, tlie coiistriictioii. becomes 
destroyed ; it is known, however, that some of tlieso systems 
extend to a considerable depth in the ea,rtl), it is said to as inuch 
as nine feet, and it is thought the object of this is to have access 
to sufliciently moist earth, for ants are most sensitive to variations 
in the amount of moisture ; 
a quite dry atmosphere is in 
the case of many species very 
speedily fatal. This system 
of underground labyrinths 
is sometimes accompanied by 
above-ground buildings con- 
sisting of earth more or less 
firirdy cemented together Ijy 
the ants; this sort of dwell- 
ing is most frequently adopted 
when the soil in which the 
nests are placed is sandy ; it 
is probable that the eartli is 
in such cases fastened together 
by means of a cement pro- 
duced by the salivary glands 
of the ants, but tins lias not 
been determined with certainty ; vaulted galleries or tunnels of 
this kind are constructed by many species of ants in order to 
enable them to approach desired ohjects. 

In South America Camj)om}tus ryfipes and other species that 
habitually dwell in stumps, in certain districts where they are 
liable to inundations, build also nests of a different nature on 
trees for refuge during the floods. In Europe, a little robher-ant, 
SoUnoj)sis fugax, constructs its dwelling in comhination with tliat 
of Formica fusca (Fig. 58), in such a manner that its cliamhers 
cannot, on account of the small size of the orifices, he entered by 
the much larger Formica. Hence the robber obtains an easy 
living at the expense of the larger species. The Sauba or Sauva 
ants of South America (the genus Atta of some, Oecodoma of 
other authors) appear to be most proficient in the art of sub- 



Fl(j. 58. — Portion of comlnned iu‘.st of For- 
wicdfusm and oSV;/mo//v/.v fugax. (After 
Porel.) X ‘p Chambers of /’orwi/w, 

reco^niisable by tlie coarHcr wliading ; 
•v, .s“', cliarnber.s of the Holenojma (with 
liner sliading) ; opening in one of the 
cluimbers, the entrance to one of the 
galleries that connects the clianibers of the 
tHohinojmn ; v\ walls forming the founda- 
tions of the nest and the limits of the 
chambers. 
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terraneaii milling. Their systems of tunnels imd nests ai-e Icnown 
to extend tliroiigli many square yards of earth, and it is said on 
the autliority of Hamlet Clark that one species tunnelled iiiuler 
the bed of the river l^arahylia at a spot wher(j it was as broa,d 
as the Thames at London Bridge. 

A considerable number of ants, instead of mining in the 
ground, form chambers in wood; these are usually Ycu“y close to 
one another, because, the space being limited, galleries cannot lie 
indulged in. Oam2W7Wtu$ ligni 2 )erilas in Eiu’Ope, and C. 'lic.-immjU 
vanwiis in Horth America, work in this way. 

Our British Lasius fiiliginosiu^ lives in di'.cayed wood. Its 
chambers are said liy Forel to consist of a paper-like sul.>stance 
made from small fragments of wood. Cryg^Uwe/rus burr(jws in 

branches. Cololwgsis lives in a 
similar manner, and Forel in- 
forms us that a worker with 
a large head is kept stationed 
within the entrance, its great head 
acting as a stopper ; wlum it sees 
a nest-fellow desirous of entering 
the nest, this animat(‘d and intel- 
ligent front-door tlum retreats a 
little so as to make room for 
ingress of tlie friend. Forel has 
observed that in the tropics of 
America a large number of species 
of ants live in the stems of grass. 
There is also (pnite a fauna of 
ants dwelling in hollow tliorns, 
in spines, on trees or bushes, or 
in dried parts of pithy plants ; 
and tlie tropics also furnish a 
number of species that make nests 
of delicate paper, or that spin 
together by means of silk the 
leaves of trees. One eastern 
species — Polyrhachis sgrlnigera — fabricates a gauze-like web of 
silk, with which it lines a subterranean chamber after the 
manner of a trap-door spider. 

Some species of ants appear to find liotli food and shelter 
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entirely 011 .tlu*, tree tlioy thi) food usually sweet 

stuff secreted by glands of the*. ])la.nt. It is thought tlnit tlui 
ants in return are of considera])Ie benefit to the plant liy defend- 
iiig it froin various small enemies, and tliis kind of symbiosis lia,s 
received niuch attention from naturalists. A V(*.ry curious con- 
dition exists in the epiphytic plants of the geiuira Afyrniccodv^. 
and Ilydnojdiyiiirii ; these ])lants form large bulb-like (Fig. 59^ 
excrescences which, wlien cut into, are found to lx*, divided into 
chambers quite similar to those frequently made by ants. Thougli 
these structures are usually actually inhabited by a,uts, it a.i)]>ea,rs 
that they are really produced by the plant independent of tlie 
Insects. 

Variability and Polymorphism of Ants. — Througliout tlic^ 
Hyinenoptera tliere are scattered cases in which one of tlie s{*.xt*s 
appears in dimorphic form. In the social kinds of liees and 
wasps the female sex exists in two conditions, a rc'.prodtuitivii 
one called queen, and an infertile one called workc*.!*, the limits 
between tlie two forms seeming in some cases (hon(‘,y-))i.Hi) to.])(3 
absolute as regards certain structures. This sha,r|) distinction 
in structure is rare; while as regards h‘.rtility iuternuMbhiti*, con- 
ditions are nuinerous, and *may imhxMl be iuduciMl l)y changing 
the social state of a communityd In ants the ])henom(uia of tlu^ 
kind we are alluding to are very miudi more complex. Theux*- are 
no solitary ants ; associations arc the rule (we shall nm. tlierc an*, 
one or tw'o cases in wliich tlie association is with individun.ls of 
otlier species). In correlation with great proclivity to socialism 
we find an extraordinary increase in the variety of the forms of 
wliich species are made up. In Jidditiou to tin*, male a,nd iiuiuih*. 
individiuds of wliich the species of Insects usually consist, th(U’(i 
are in ants workers of various kinds, and soldiers, idl of‘ wliitdi 
are modified infertile females. I>ut in addition to the existence 
of these castes of infertile feiriales, wii find also mimm'ous ca,s(*H 
of variability or of dimorphism of the sexual individuals; a,u(1 
this in both sexes, though more usually in the ftmiale. ''.IMuis 
there exists in ants an extraordinary variety in the polymorpliism 
of forms, as shown liy the table on p. 141, where seviiral very 
peculiar conditions are recorded. 

The complex nature of these phemomena lias only i-ecently 

^ The partheiiogeiicitie youug pr<>(hu;(;<l by worker leniales are. invariably of tinj 
male wex. 
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become known, and as yet has been but little inquired into. The 
difference between the thoracic structure in the case of the winged 
and wingless females of certain species (Fig. 55, and in voL v. 
fig. 339) is enormous, but in other species this difference appears 
to be much less. The ordinary distinctions between the (|ueen- 
female and worker-females appear to be of two kinds; firstly, 
that the former is winged, the latter wingless ; ^ and secondly, that 
the former possesses a Teo&ptacidiim, seminis, the latter does not. 
In a few cases it would seem that the dimorphism of winged 
and wingless forms is not complete, but that variability exists. 
Intermediate conditions between the winged "and wingless forms 
are necessarily rare ; nevertheless a certain number have already 
been detected, and specimens of Lasius almms have been found 
with short wings. In rather numerous species some or all of 
the fertile females depart from the usual state and have no wings ; 
(a similar condition is seen, it will be recollected, in Mutillides 
and Thynnides of the neighbouring family Scoliidae). A di- 
morphism as regards wings also exists in the male sex, though it is 
only extremely rarely in ants that the males are wingless. Never- 
less a few species exist of wliich only wingless males have been 
found, and a few others in which both winged and wingless 
individuals of this sex are known to occur. Tlie wingless males of 
course approach the ordinary workers ( = infertile wingless females) 
in appearance, but there is not at present any reason for 
supposing that they show any diminution in their male sexual 
characters. The distinction between workers and females as 
based on the existence or non-existence of a receptaculurn seminis 
has only recently become known, and its importance cannot yet 
be estimated. The adult, sexually capable, though wingless forms, 
are called ergatoid, because they are similar to workers (’Epyar???, 
a worker).^ 

^ The student must recollect that the winged female ants cast their wings 
previously to assuming the social life. The winglessiiess of these females is a 
totally different phenomenon from that we here allude to. 

2 See Eorel, Verh, Ges. deutsch. JSfaturf. Ixvi. 1894, 2, pp. 142-147 ; and Emery 
Biol. Centralhl. xiv. 1894, p. 53. The term ergatoid applies tol 3 oth sexes ; a species 
with worker-like female is ergatogynous ; with a worker-like male ergatandrous. 
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Much has been written about the mode in which the variety 
of forms of a single species of ant is produced. As to this tliere 
exists but little actual observation or experiment, and the 
subject has been much complicated by the anxiety of the writers 
to display the hxcts in a manner that will support some general 
theory. Dewitz was of opinion that workers and queens of ants 
were prodixced from different kinds of eggs. Tliis view finds 
hut little support among recent writers. Hart in recording tlie 
results of his observations on the parasol ant (of tlie genus Atta) 
— one of the species in which polymorphism is greatest — says^ 
that these o])servations prove that “ ants can manufacture at 
will, male, female, soldier, worker or nurse,” but he has not 
determined the method of production, and he doubts it being 
“ the character of the food.” There is, however, a considerable 
body of evidence suggesting that the quality or quantity of the 
food, or both combined, are important factors in tlie treatment 
by which the differences are produced. The fact tliat the social 
Insects in which the ;^ienomena of caste or polymorphism occur, 
though belonging to very diverse groups, all feed their young, is 
of itself very suggestive. When we add to this the fact that in 
ants, where the. phenomena of polyrnorphism reach tlieir highest 
complexity, the food is elaborated in their own organs by the 
feeders tliat administer it, it appears probable that tlie means 
of producing the diversity may be found herein. Wasmann lias 
pointed out that the ants’-nest beetle, Lovuchusa, takes much 
food from the ants, and itself destroys their young, and tliat in 
nests where Lo7tiechusa is abundant a large percentage of erga- 
togynous forms of the ants are produced. He attributes this to 
the fact that the destruction of the larvae of the ant by the 
beetle brings into play the instinct of the ants, which seek to 
atone for the destruction by endeavouring to produce an 
increased number of fertile forms ; many ergatogynous individuals 
being the result. This may or may not be the case, but it is 
clear that the ants’ instinct cannot operate without some 
material means, and his observation adds to the probability that 
this means is the food supply, modified either qualitatively or 
quantitatively. 

The existence of these polymorphic forms led Herbert 
Spencer to argue that the form of an animal is not absolutely 
^ Nakcrc li. 1894, p. 125. 
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determined by tliose “ Aiilagcn ” or rudiinciits tliat Weisniaiin 
and liis school consider to be all iin])ortant in detcrniining the 
nature or form of the individual, for if this were the case, liow 
can it be, lie asked, that one egg may produce either a worker, 
nurse, soldier or female ant ? To this Wasmann (wlio continued 
the discussion) replied by postulating the existence of double, triple 
or numerous rudiments in each egg, the treatment the egg receives 
nierely determining which of these rudiments sliall undergo de- 
velopnientd Forel seems to have adopted this explanation as being 
the most simple. Tlie probability of Weisniann’s liypothesis being 
correct is luucli diminislied Ijy the tact that the limit between the 
castes is liy no means alisolute. In many species inteimediate forms 
are common, and even in those in whicli the castes are believed to 
be tpiite distinct, intermediate forms occur as very ra-i‘e excep- 
tions.^ Emery accounts ^ for the polymorphism, without the 
assistance of the Weisrnannian hypothetical compound rudiments, 
by another set of assumptions ; viz. that tlie phenomenon has 
lieen gra, dually a,c([nired hy numerous species, and tliat we see it 
in various stag*es of development ; also tliat va-riation in nutrition 
does not affec't all the jiarts of the liody equally, Imt may he 
siicli as to carry on the develo|)inent of certain portions of the 
organisation while that of other parts is arrested. Siieaking 
broadly we may accept this view as consistent with what we 
know to 1)0 th(‘. ease in other Insects, and witli the phenomena of 
post-emlnyonic development in the class. But it must be ad- 
mitted that our knowledge is at jireseiit quite inadequate to 
justify tlie formulation of any final couchisions. 

The geological record of .Formicidae is not (piitc what we 
should have (‘.xpected. They are amongst the earliest Ilymen- 
optera ; remains referred to tlie family have been found in the 
Lias of Switzerland and in the English Burbecks. In Tertiary 
times Formicidae a])])ear to liave Tit^en about the most abundant 
of all Ins(^cts. At Florissant they occur in tliousaiids and form 
in individuals about one-fourth of all the Insects found tliere. 
They have fdso been met with numerously in the hluropean 
Tertiaries, and Mayr studied no less than 1500 specimens found 

^ Biol, (JetUralbl. xv. 1895, p. 640. 

^ Pnjf. Kurel luis favoured the writer })y informing liiiu of .several eases of these 
rare intermediate forms lie lias himself detected. 

Biol. OentndUL xiv. 1894, p. 53. 
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in amber. Formicides and Mjrinicides are more abundant than 
Ponerides, but this latter group lias the larger proporticm^ of 
extinct genera; conditions but little dissimilar to those existing 
at present. 

Classification of Ants. — Ants are considered by many (‘id.o- 
mologists to form a series called Heterogyna. They can, 
however, be scarcely considered as more than a single fa.mily, 
Formicidae, so that the serial name is supertiiioirs. Tlicir 
nearest approach to other Aculeates is apparently mad(3, hy 
Amhhjo2)one, to certain Miitillides (e.r/. Apteroffyna) and to the 
Thynnides, two divisions of Scoliidae. Emery considers Dory- 
lides rather than Ainblyopjonides to be the most pririhtive form 
of ants, blit we are disposed to consider EoreFs view to the c'Hh.ct 
we have above mentioned as more probably correct. The jxiint 
is, however, very doubtful. The condition of the peduncle is in 
both the sub-families we have mentioned very imperfect compared 
with that of other ants. Eoth these sub-families are of very 
small extent and very imperfectly known. We shall also 
follow Forel in adopting six snb-fimilies, Campoiiotides, Dolicho- 
deiides, Myrmicides, Ponerides, Doiylides, and Aml)ly()])oiii(l(^s. 
Emery rejects the Amblyoponides as being merely a division of 
the Ponerides. This latter group displays the widest relabions 
of all the sub-families, and may be looked on as a sort of c(‘.ntral 
form. The Carnponotides and Dolichoderides are closely allied, 
and represent the highest differentiation of the families in oiu) 
direction. The Myrmicides are also highly differentiated, but 
are not allied to the Camj)onotides and Doliclioderides.^ 

Sub-Fam. 1. Carnponotides. — Eind hoefy fumished imlh hid mm 
constfictioTi, so that o%ly a single seccle or node exists on the 
pedicel, Poison-sae Jormin^ a enshion of convoluHims, on 
which is sitwate the Twodijiecl sting, which fonm merdy rm 
ejaculato'nj orifice for the poison,. 

The members of this very extensive division of ants can he 
readily distinguished from all others, except the Dolichoderidc^s, 
hy the absence of a true sting, and by the peculiar form of tlic h ind 
body ; this possesses only a single scale at the base, and lias no 

1 Forel’s latest views on this subject will be found in tlie Ami, Soemni. lUiUfiqim 
xxxvii. 1893, p. 161 ; tlic very valuable paper by Etiiery, iu Zud. Jidirh, ,SifsL 
viii. 1896, p. 760. 
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constriction at all on tlH‘, oval, convt^x a.nd {'oni]>a.cl. mass <»! (Ju* 
ubdoincu beliiiid tliis. The cloacal orifice is (diTulaj-, not/, a.s in 
other ants, transverse. These characters a, re ac(M)nipa,nie< 1 ))y a, 
difference in habits. The (Jainponotidos, thougli t]K\y <lo not/ 
sting, produce poison in large <|ua.ntity, and (\ject it t.o soim*. ilis- 
tance. Hence, if two speeiinens are confined in a, tiih(‘. th(‘j are 
apt to kill one another liy tlie ra,ndoin discliarges tliey nia.kt*. 
Janet suggests that in order to neutralise tin*, (dfect of this very 
acid poison, they may have some niea.ns ot‘ using, wlam they a,ie. 
in their natural abodes, the alkaliiu^. conbmts of a. s(‘cond gland 
with which they are provided. We sliall nKuition tla^ cha.ra.etm*s 
by wliicli the (Ja,m])onotid0S are distinguished from the small 
siib-fainily Dijlichoderides when we deal with the hitter. 

The sub-family includes 800 or more sjMicies. ( hoivponohfi^ 
itself is one of the most numerous in s})eei(‘s of all tli(‘- gen(‘i\‘i ol’ 
Forniicidae, and is distriliuted over most parts of the (iarf/li. W(‘. 
have no species of it in Britain, but in the south of Kurojxi tin*- 
Ccmip07iotus hecorne very consjiieuoiis, and may he S(‘im ulmost; 
everywliere stalking about, after tlie fashion (d* our 'British wood- 
ant, Firnriica rufa, whicli in general a,ppearance Cam'ponDt.vti mueh 
resenil)les. 

Until recently, the manner in whid) fresh nests of ants wmx^ 
founded was unknown. In established nests the queen-ant is 
fed and tended by the workers, and the earc*. of th(*. helpless larva, <* 
and pupae also devolves entirely on the workers, so tha,t tln^ 
cpieens are relieved of all functions except that of ]>rodu(dng eggs. 
It seemed therefore impossible that a fresh nest could h(‘ {‘sta.b- 
lislHul by a single female ant uidt^ss she were assistiHl liy workiu’s. 
TIui mode in whi(;h n(‘.sts are foumhal has, howinu*!-, hemi recent-ly 
demonstrated l)y the observations of JailJxxlc, MTioek, Adlerz, 
and more particularly by those of Bloelimaiin, who was successful 
in observing the formation of new nc'sts l>y Cavvponof/UH lupiF 
perdus at Heidelberg. He found umhir stones in the sjiriiig 
many examples of females, either solitary or accomjianied only 
l)y a few eggs, larvae or pupae. Further, he was suecessful 
getting isolated females to commene(‘, nesting in confinement, and 
observed that the ant that afterwards becoines the queem, a.t first 
carries out by lierself all tlie duties of the nest: hegiiming by 
making a small burrow, she lays some eggs, and when tliese hatch, 
feeds and tends the larvae and pui)ae ; tlie first specimmis <»f these 
VOL. VI L 
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latter that become perfect Insects arci worktvrs of all sizes, atiii 
at once undertake the duties of tending the. young and 
feeding the mother, who, being thus freed from tlm duties uf 
nursing and of providing food while slie is Inu'seli tmided and 
fed, becomes a true queemant. Thus it seems establisiH‘d tlmt 
in the case of this species the division of laJiour foiin<l in tJn* 
complex community, does not at first exist, but is eorrelal i\e li 
increasing numbers of the society, further obs(‘.rva,tions as In tin* 
growth of one of these nascent communities, and tin*. tJnms and 
conditions under which the various loiaus o{ individuals (snuposing 


a complete society first appear, would be of (‘onsid(n*a,bI(‘ interest. 

An American species of the sa,me genus, (', pnins/// r(f/iirifs, 
the carpenter-ant, establishes its nests in tln^ stumps <d trens. 
Leidy observed that solitary females constnu/ted for tlH^iuHelves 
cells in the wood and closed the entrances, and tliat each one in 
its solitary confinement reared a small brood of lar\'ai*. Thu 
first young produced in this case are said to he of tln^ dwari 
caste, and it was thought by the olrserver that th(‘. ant roinaineil 
not only without assistance but also without food during a periial 
of some weeks, and this although she was herself giving focal to 
the larvae she was rearing. 

Adlerz states that the females or young (puams take footl 
while engaged in doing tlieir early work, and that the large 
quantity of fat-body they possess enaldes them to undt*rgi > H«*vi»ral 
months of hunger. In order to feed the young lai'vuf^ they ust* 
their own eggs or even the younger larvae. It is to tlic* small 
quantity of food rather than to its nature that he. iittribiiteH the 
small size of the first brood of perfect workers. M. JaiH!ld ban 
recently designed an ingenious and simple apparatus for ka^eping 
ants in captivity. In one of these he placed a Holitary (4* 

Zasius alienus, unaccompanied hy any worki^rs or otlu*r aHHiKtaiilK. 
and he found at the end of 98 days tliat she was taking care: of 
a progeny consisting of 50 eggs, 2 larvae., 5 pupae in coca warn, 5 
without cocoons. On the 102nd day workman began to i^inergi^ 
from the cocoons.^ From these observatioiiB it is (wicluiti that 
the queen-ant, when she begins her nest, livi*H under eorulitionfi 
extremely different from those of the royal stuki she afterwarilfi 
reaches. 


^ Ann. SocL ent. Fmnr.e^ 1893, p. iflT. 

^ Ann. Sue. ent. France^ 189;i, BiiH. p. et-lxiv. 
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In many kinds of ants tlio fidl-growii in<livi(Iiia,]s known 
to feed not oidy tlie Lirvae ])y disgorging lood from iJi(dr own 
inoutlis into those of th(i little grubs, Init <a]so to feed one nnotlua'. 
This has been repeatedly observed, and I^k)rt‘.l nnide the fa,(‘.t tfi(‘ 
subject of experiment in the case of (Ja/mponotus lujnvpvrduH. 
He took some specimens and shut tliem up without food (or 
several days, and thereafter supplied some of them with hoii(‘.y, 
stained with Prussian blue; ])eing very hungry, they f(M[ so 
greedily on this tliat in a few hours tludr hind l.)odi(is w(‘.r(^. dis- 
tended to three times their previous size. Hti then took one of’ 
these gorged individuals and placed it amongst thos(‘, tha-t Imd 
not been fed. The replete ant was at once ex])lored by tin*, 
touches of the other ants and surrounded, a,nd food was hugged 
from it. It responded to the demands l)y feeding co])iously a, 
small specimen from its moutli: when this little one ]ia,d ,rec(‘-iv(Ml 
a good supply, it in turn coimaunxcated some thereof to otlicu* 
specimens, while the original well -tod one also supplied otluu’s, 
and thus the food was speedily distributed. This habit of rec'xdv- 
ing and giving food is of the greatest importance in the life.- 
history of ants, and appears to be the basis of some of tbi^ 
associations that, as we shall sub8e<|iiently see, are formed with 
ants by numerous other Insects. 

OecA)plhyllci smaragd/ma, a common ant in Eastern -Asia,, forms 
shelters on the leaVes of trees by curling the edges of huives 
and joining them together. In doing this i t makes me of an 
expedient that would not be Ixelieved liad it not been testified l)y 
several competent and independent witnesses. Tlie perlecd ant 
has no material with which 
to fasten together the edges 
it curls ; its larva, how- 
ever, possesses glands that 
secrete a supply of material 
for it to form a cocoon, 
with, and the ants utilise 
the larvae to effect theil* Fiu. ()0.~—Oec()2)h'i/Ua immagilma. Workcjf 
purpose. Several of them 

combine to hold the foliage in the desired position, and while 
they do so, other ants come up, each one of which carries a 
larva in its jaws, applies tlie moutli^ of tlie larva to the parts 
where the cement is required, and makes it disgorge the sticky 
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material Our fiR’ure is taken {Vein a. speeinani OVr winch \v<* 
are indebted to Mr. E. E. Green) tha.L wa.s ea,])tiii-(M( in the act 
of bearing a larva 

FoTiiiicct. tlie Ited-aiit, l/Vo()d-a,iit, or Ilill-aiit', is in this 

country one of the best-known ineniljers of the Innaiiieidae. 1{, 
frequents woods, especially such as are eoinposr‘(I, in ^v}lol(* nr 
part, of conifers, where it forms la.rgx^ najunds of small sfieks, 
straws, portions of leaves, and siniila,r inalwrial Although at 
first sight such a nest may a]>])ea.r to ]>e a, chaotii' agglonH*ratinn, 
yet examination reveals that it is arra.ngial so as t,o I(‘a\e many 
spaces, and is penetrated by galleries minitying thrmiglanit its 
structure. These mound-nests attain a considera,hIe sizo. wlnm tin* 
operations of the industrious creatures arc not interfm'iMl with, or 
their work destroyed, as it too often is, by ignorant (W inis(*hi<‘vuns 
persons. They may reach a height of thnn*, h‘e.t or near it., and 
a diameter of twice that extent. Tlu^ gallerit*s hy which tlm 
heaps are penetrated lead down to tlie earth lielow. From the 
mounds extend in various directions paths constant ly t.ravcrsi'd 
by the indefatigable ants. M'Cook obsenwa^d such pat hs in the 
Trossachs; they proceed towards the olijects ainnul at in lines 
so straight that he considers they miist hi*, the iT*suIt of some 
sense of direction possessed hy tlie ants; as it is imposHihle to 
suppose they could perceive )jy the sense of sight tin* iliHiant 
objects towards which the paths were directtal: these, ohjeets in 
the case M'Cook describes were oak-trees up wliich the ants 
ascended in search of Aphides. 

M'Cook further observed that one of tlie oak-t.recs was ia*achc*d 
by individuals from another nest, and tlmt i^ach of t.hrt t.wo pariieH 
was limited to its own side of the trei*, si‘ntinels lieing placed on 
the limits to prevent tlie trespassing of an intrud(*r: lie also 
noticed that the ants saw an object wli<*n th(^ (lisiance iM^c-ame. 
reduced to about an inch and a lialf from thmn. I'his speeicH is 
considered to be wanting in individual ('ourage ; Imt wlien acting 
in combination of vast numbers it does so with iiiicliigem-i* ami 
success. It does not make slaves, hut it has betm observed l>y 
Bignell and others that it sometimes recruits its nuiubf*rH hy 
kidnapping individuals from other colouies of its own Hjieeiea 
Its nests are inhabited by forty or fifty species of guests of various 
kinds, but chiefly Insects. Auotlier ant, Myrtnwit Itamnmi'h, 
sometimes lives with it in perfect harmony, and lurrinkoxemis 
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niiicliilus lives only with F. riifa. Amongst the most yxiculiar 
of its dependants we may mention large beetles of the genera 
Cetonift and Clythra, which in their larval static live in tlie 
hills of tlie wood-ant. It is probable that they sulisist on some 
of the vegetabki matter of which the mounds are formed. Adlerz 
has given some attention to the division of labour iuuongst tlie 
different forms of the workers of ants, and says that in F. rv/a it 
. is only the bigger workers that carry Iniilding and otlier materials, 
the smaller individuals lieing specially occupied in the discovery 
of honey -dew and other Apliid products. In Cam/jHnwtus it 
would appear, on the otlier hand, that the big individuals leave 
the lieavy worlv to lie performed by their smaller fellows. 

The wood-ant and its near allies have been, and indeed still 
are, a source of great difficulty to systernatists on account of the 
variation that occurs in the same species, and because this differs 
according to locality. Our European F. rivj'n has been supposed 
to inhabit Horth America, and the interesting accounts pub- 
lished by M‘Cook of the mound-making ant of the Allcghanies 
were coiisidm’cd to refer to it. Tins Insect, however, is not F. 
Tu/a, as was supposed by M'Cook, but F. exsectoides, Ihirel. It 
forms colonies of enormous extent, and including an almost in- 
credible num))er of individuals. In one district of about fifty 
acres tluire was an Ant City containing no less than 1700 of 
these large ant-hills, each one teeming with life. It was found 
by transferring ants from one hill to another that no liostility 
whatever existed hetween the denizens of different Iiills ; the 
specimens jdaced on a strange hill entered it without the least 
hesitation. Its liabits differ in some jiarticulars from those of 
its European congener ; the ISTorth American Insect does not close 
the formicary at niglit, and the in(|uilines found in its nest are 
very cliffereut from those that live with id rufa 'in Europe. 
Whether the typical wood -ant occurs in North America is 
doubtful, l)ut there are races there that doubtless belong to 
the s|)(>cies. 

F, s((7i(jidnm is very similar in appearance to its commoner 
eongent‘.r id rufa, and is the only slave-making ant we possess in 
Britain. This sjiecies constructs its galleries in banks, and is 
of very courageous character, carrying out its military operations 
with much tactical ability. It is perfectly able to live without 
the assistance of slaves, and very frequently does so ; indeed it 
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has been asserted that it is in onr own islands (wlioin,, liowever, 
it is comparatively rare) less of a slave-owner tlian it is in 
Southern Europe, but this conclusion is very doubtful. It a,])- 
pears when fighting to be rather desirous of coiKpiering its 
opponents by inspiring terror and making them awaiHi of its 
^ superiority than by killing them; Iiaving gamed a victory it 
will carry off the pupae from the nest it lias conquered to its 
own abode, and the ants of the stranger-species that develop from, 
these pupae serve the conquerors faithfully, and relieve tliem of 
much of their domestic duties. The species that F. mmjuhmt 
utilises in this way in England are F. fused, F. mnicMlterid, anil 
possibly Zasius flavus. Huber and Eorel have given graphic 
accounts of the expeditions of this soldier-ant. In the mixed 
colonies of Z\ sangninett and F. fused tlie slaves do inost of the 
house-work, and are more skilful at it than their masters. Adlcrx 
says that one of the slaves will accomplish twice as much work 
of excavation in the same time as the slave-owner ; tliese latter 
being lazy and fond of enjoyment, wliile tlie slaves are very 
industrious. 

Polyergus rvfescenSy an European ant allied to Forrudea, is 
renowned since the time of Huber (1810) as the slave-making 
or Amazon ant. This creature is al)Solutely dependent on itn 
auxiliaries for its existence, and will starve, it is said, in the 
midst of food unless its servitors are there to feed it. Wasmann, 
however, states that Polyergus does iiossess the ])ower of 
feeding itself to a eea’taiii extent. Be 
this as it may, the qualities of this ant 
as warrior are superb. When an indi- 
vidual is fighting alone its auda(.vity is 
splendid, and it will yield to no superi- 
ority of numbers; when the ertiatures are 
acting as part of an army the individual 
boldness gives place to courfige of a more 
suitable sort, the ants tlien exliibiting the 
act of retreating or making flank move- 
ments when necessary. If a Polyergus 
that is acting as a member of a troop finds its(df isolated, and 
in danger of being overpowered, it has tlien no hesitation in 
seeking safety even by flight. This species is providtid with 
mandibles of a peculiar nature ; they are not armed with teeth. 



Fig. 61. — Head of Polyergus 
rufescens. (After Andre. ) 
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but are pointed and curved ; they are therefore used a,fter tlie 
manner of poignards, and when the ant attacks a foe it seizes 
the head between the points of these curved mandildes, and driv- 
ing them witli great force into the 'brain instantly paralyses the 
victim. 

Mandiljles of tliis sliape are evidently unfitted for the purposes 
of general work, they ca,n neither cut, crush, nor saw, and it is 
not impossible that in their peculiar shape is to be found the 
origin of the peculiar life of Folyergus : we find similar mandi- 
bles reappearing amongst the aberrant Dorylides, and attaining a 
maximum of development in the ferocious EcAion ; they also 
occur, or something like them, in a few aberrant Myrniicides ; 
and in the male sex of many other ants, which sex exercises no 
industrial arts, this sort of mandible is present. 

The ants that Folyerffits usually attacks in order to procure slaves 
are Foomiim f umi and F. fusca, race aurvytblaria ; after it has routed 
a colony of one of these species, F. riifescxus pillages the nest and 
carries off pupae and some of the larger larvae to its own abode. 
When the captives thus deported assume the imago state, they 
are said to commence working just as if they were in their own 
houses among their brothers and sisters, and they tend their 
captors as faithfully as if these were their own relatives : possibly 
they do not recognise that they are in unnatural conditions, and 
may he quite as happy as if they had never been enslaved. The 
servitors are l)y no means deficient in courage, and if the place 
of their enforced abode should be attacked by other ant-enemies 
they defend it bravely. The fact that F. rvfescens does not feed 
its larvae lias been considered evidence of moral degeneration, 
hut it is quite possible that the Insect may be unable to do so 
on account of some deficiency in the rnoutli-iiarts, or other 
similar cause. The larvae of ants are fed hy nutriment regurgi- 
tated from the crop of a worker (or female), and applied to the 
excessively minute mouth of the helpless grub : for so delicate 
a process to be successfully accomplished, it is evident that a 
highly elaborated and specialised arrangement of the mouth- 
parts must exist, and it is by no means improbable that the 
capacity of feeding its young in true ant-fashion is absent in 
Folyergm for x>urely mechanical reasons. 

M'(k>ok states that the North American ant, Folyergm lucidm, 
which some entomologists consider to be merely a variety of 
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the European species, makes slaves of Form.ica. scJimifussi,, itself 
does no work, and partakes of food only when fed by its servi- 
tors. He did not, however, actually witness the process of feed- 
ing. When a migration takes place the servitors deport both 
the males and females of P. lucldu^. M‘Cook adds that tlie 
servitors appear to be really mistresses of the situation, thoiigli 
they avail themselves of their power only by working for the 
advantage of the other species. 

The honey-ant of the United States and Mexico has been in- 
vestigated by M'Cook and others ; the chief peculiarity of the 
species is that certain individuals are 
charged with a sort of honey till they 
become enormously distended, and in fact 
serve as leather bottles for the storage 
of the fluid. The species Myrrtiecocydus 
Iwrtideorum and M. inelUyer, are mode- 
rate-sized Insects of subterranean habits, 
the entrance to the nest of M. ]u>rf/ideorimi 
being placed in a small raised mound. 
The honey is the product of a small gall 
found on oak leaves, and is obtained l)y 
the worker-aiits during nocturnal expedi- 
mnus. Houey-pot aut, ^jons, from which they return much dis- 
tended ; they feed such workers left at 
home as may be hungry, and then apparently communicate tlie 
remainder of the sweet stuff they have In'ouglit back to already 
partly charged '' honey-bearers ” left in the nest. The details 
of the process have not been observed, but the result is that the 
abdomens of the bearers become dis- 
tended to an enormous extent (Figs. 

62, 63), and the creatures move hut 
little, and remain suspended to the 
roof of a special chamber. It is 
considered Ijy M'Cook that these 
living honey-tubs preserve the food 
till a time when it is required for 
the purposes of feeding the com- 
munity. The distension is pro- 
duced entirely by tlie overcliarging 
of the lioney-crop, the other contents of the abdomen being 



Fiii. 63 . — Myrmccocystufi rmcicamm. 
Lateral view. 
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forced by the distention to the po.sterior ])ai‘t ol’ t.lie IxHly. ^ 

Lubbock 1ms since descril)ed an Australian ant, M'i'hyphivrv^ j 

inJlatus,\v<iVmg a similar peculiar habit, but ])(‘,h)nij,-iu,i»’ to tlie. | 

allied tribe Llagiolepisii. (.^bte rectiutly a. South AiiL'an honey- ! 

tub ant .1)eloiiging to tlie distinct gmius rimjiidvjyh (I'frvninn | 

For.), has been discovered, a.Hbrdiiig a proof that a,n (‘.xtrc.in<‘ly ! 

specialised habit may arise iudependciutly of F(*bitioii laitwccu the | 

Insects, and in very different parts of tlie world. * 

Species of the genus Laum are amongst thci most a,bundant .i 

of the ant-tribe in Britain. Lh(‘.y are remarkable^, for their (‘on- ' 

stiTietive powers. L. 'idfjer, the common little bhick gardiui-ant, ^ 

forms extensive subterranean galleries, and is (^xtrenudy su<,'-(u‘.ssful ^ 

in the cultivation of various forms of A})hidae, from the ])ro(lu(5ts 

of which the species derives a large*. ])art of its sul)sist(vn<*e. The | 

ants even transport tlie Aphidae to snitabki situations, a,nd thus , 

increase their stock of this sugary kind of cattle, and a.r(‘. said to 

take the eggs into tlieir own dwellings in the autumn so tha,t 

these minute and fragile objeicts may l)(‘. ke])t safe from the*. 

storms and rigours of wint(ir. Th(*s(‘. little ereatiUT^s a,i‘e l)ra,v(g 

hut when attacked by other ants th(*.y d(‘fend thernstdvcis ('liidly 

by staying in their extensive siil;)terraut;au galleries, and Idocking 

up and securing these against tlu‘ir a.ssailants. 

Z, another of our British spc^cies, has vmy dilfereut 

habits, preferring old trees and stumps for its ludiitati.on ; in tlu^ 1 1 

hollows of these it forms dwcdlings of a sort of card; this it 
makes from the mixture of tlui S(tcretious of its salivaay glands 
with comminuted fragments of wcjod, afbu* the*, fashion of wa-sps. 

It is a moderate~si;ied ant, much la;rg(n‘ than the litthi X. nu/er, 

and is of a Idacdc colour a,nd nimarkahly shiTuag; it givers off . i. 

a very strong hut by no mcians disagree laldi*, odour, a-nd ma-y l)e ^ 

seen on the hollow trees it frecpients, stalking about in L'lrgc, 
numbers in a slow and aimlciss manner that contrasts strikingly 
with the active, liiistling moventumts of so many of its cumgencjra 

When this species finds suitable n(‘ar one auotlKU’, a colony ^ 

is established in eacdi ; the Tniml)er of individuals thus assoc'iab^d 

becomes very large, and as the different ciolouies keep up ititer- f 

communication, this hal>it is v(*iy useful for purposes of (hdVuuM^ r 

Forel relates that he onc^e brought a v(uy large miinber of ^ 

Xbrmv'en. and lilurated theixi at the base of a irc'C in * 

which was a nest of L, fulifjhwstoa ; tlmse latbu;, finding them- 
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selves thus assaulted and besieged, communicated in sfnu(‘ wa,y, 
information of the fact to the neighbouring* colonies, and Korel 
soon saw large columns of the black creatures issuing Iroin tin* 
trees near by and coming with their ineasunHl ]);uuis to tln^ 
assistance of their confreres, so that the invaders were, soon dis- 
comfited and destroyed. Although the European and Korth 
American representatives of the sub-family" Camponotides li\e 
together in assemblies comprising as a rule a, great nuinlHn- ol 
individuals, and although the separate nests or formicarii'S wliich 
have their origin from the natural increase of a. singh^ rndginal 
nest keep up by some means a connection between tfui nannlxus, 
and so form a colony of nests whose inhabitMiits live tog(d/Inir on 
amicable terms, yet there is no definite inforuiation as to how 
long such association lasts, as to what is the nature of tin*. ti(*s 
that connect the members of tlie different nests, nc)r as to tin*, 
means by which the colonies become disvsociated. It is Icnown that 
individual nests last a long time. Charles X)<irwin has mentioned 
in a letter to Forel that an old man of eighty told liiiu hv. had 
noticed one very large nest of Forriiua rvf<e in the sa.me phicti 
ever since he was a boy. But wbat period tlioy usually enduni 
is not known, and all these points probably vary greatly a-ccording 
to the species concerned. It has been well asciertained that when 
some ants find their nests, for some unknown reason, to iHumsuit- 
able the inhabitants leave their abodes, carrying with tluun their 
young and immature forms, and being acconn:)anied or follo\v(‘.d by 
the various pai-asites or commensals that are living with them. 
Wasmann and other entomologists have observcnl that th(‘. ants 
carry bodily some of their favourite bcjetle-cornpanious, as well 
as members of their own species. Forel oljserved that aft(;r 
a nest of Formica pratensis had been separated into two nc*.HtB 
placed at a considerable distance from one another so as to havct 
no intercommunication, the members yet recognised om^. anotlau’ 
as parts of the same family after the lapse of more than a month ; 
but another observation showed that after some years of Beparation 
they were no longer so recognised. 

Although it is now well ascertained that ants arci nhh to 
distinguish the individuals belonging to tlieir own nests luid 
colonies from those that, though of their own species, not so 
related to them, yet it is not known by what means the recogni- 
tion is effected ; there is, however, some reason to Bup})()Be that it 
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is l)y something of the nature of odour. One observer has noticed 
that if an ant fall into water it is on emerging at first treaded as 
if it were a stranger by its own friends ; but other naturalists have 
found this not to ])e the case in other species. Contact with, 
corrosive sidilimate deprives ants for a time of this power of 
recognising friends, iind under its influence they attack oiui 
another in the most ferocious manner. 

The nests and colonies of tlie s[)ecies of Camponotides w(‘- 
have considered are all constructed by societies comprising a 
great immher of indi- 
viduals ; tliere are, 
however, in the tropics 
numerous species tlnit 
form their nests on 
foliage, and some of 
these contain only a 
few individuals. The 
leaf- nests (Tig. 64) of 
certiiin species of Foly- 
rhacMs are said to be 
formed of a paper-like 
inaterifil, and to con- 
tain each a female and 
about 8 or 10 worker 
ants. Forel^ lias ex- 
amined nests of several 
Indian sjiecies, and finds they differ from those of other ants in 
consisting of a single cavity, lined with silk like that of a spider. 
These nests are further said to be constructed so as to render 
tliem either inconspicuous or like other objects on the leaves ; 
F. arr/entea covers its small dwelling with little hits of vegetable 
matter, and a nest of F. rmtdla was placed between two leaves 
in such a manner as to be entirely hidden. All the species of 
the genus do nob, however, sliare these haliits, F. maAjri making 
a card-nest, like JJolichoderus and some other ants. The species 
of the genus Folyrhackis are numerous in the tropics of tlie Old 
World, 

Forbes noticed that a species of this getius, that makes its 
paper-like nest on the underside of bamboo-leaves produces a noise 
* Foi’cl, J. Ihvihay viii. 1893, p. 36. 



Fig. 64. — Nest of Pohjrhachis sx). (After Smith.) 
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by striking the leaf with its head in a series of spasmodic taps. 
The same observer lias recorded a still more interesting fa-ct in 
the case of another species of this genus — a large brown ant- 
found in Sumatra. The individuals were “ spread over a space, 
perhaps a couple of yards in diameter, on the stem, leaves, and 
branches of a great tree which had fallen, and not within siglit 

of each other ; yet the tapping wa.s 
set up at the same moment, con- 
tinued exactly the same space of 
time, and stopped at the same in- 
stant ; after tlie lapse of a few 
seconds all recommenced at the 
same instant. The interval was 
always of about tlie same duration, 
though I did not time it ; 
each ant did not, liowever, beat 
synchronously with every other 
in the congeries nearest to me ; 
there were independent tappings, 
so that a sort of tune was played, 
each congeries dotting out its 
own music, yet the liegimiings 
and endings of the musical parties 
were strictly synchronous.” 

Mr, Peal has also recorded that an ant — the name is not 
mentioned, hut it may be presumed to be an Assamese species — 
makes a concerted noise loud enough to he heard by a human 
being at twenty or thirty feet distance, the sound being jiroduced 
by each ant scraping the horny apex of the abdomen three times 
in rapid succession on the dry, crisp leaves of which the nest is 
usually composed. These records suggest that these foliage-ants 
keep up a connection between the members of different nests 
somewhat after the same fashion as do so many of the terrestrial 
Camponotides. Altliough the species of Camponotides have no 
special organ for the production of sound in the position in whicli 
one is found in Myrmicides and Ponerides, yet it is probable that 
they are able to produce a sound by rubbing together other parts 
of the abdomen. 



Fig. 65 . — Polyrhachw j^xindurus^ 
worker. Singapore. 



IV 


ANTS 


157 


Sub-Pam. 2. Dolichoderides. — Hind Iwd.y fnrnlHhrd ndlh hul 
one, mnd/ticiion so tJiat only a sinf/lr srtde or node is for/zied ; 
jStiny riidimeuifny ; ihe yoison-sac wUhout cushion, 

Tlie JJoliclioderides urc^ similar to Ca,iiiponoti(l(‘s in a,|)])(*iM’nn('o, 
and are distinguished cliieliy ])y tlie slnictami of tlie sting ;ui(l the 
])oison app<aratiis. To tliis we may add tlia,t Korid also ('oiisi(l(*rs 
the gizzard to lie dilTereut iu tlie two vsnl)-la.nnli(*s, th(‘.i*(‘. ]K*.ing no 
visible calyx in the d)oliclioderi(l(‘s, while this ])a.i‘t is hirgely 
developed in the Cani].)onotides. This is one of the: l(‘a.st (‘xUuisive. 
of the sub-families of a,nts, not more tha.ii 15 0 s])eeies being 
yet discovered. Comparatively little is 
known of the natural history of its* 
members, only a very small nunilier oi* 
species of dJolichoderides lieing found in 
Europe. The best known of tliese (a.nd 
the only British Dolichoderid) is Tajn- 
nonm erratumn, a little ant of about the 
size of Lasius niyer, and somewhat simila.i* 
in appearance, but very (liffereiit in itis 
lialiits. T. erraf/icum does not cultivate 
or appreciate Aphides, Imt is (diietly 
carnivorous in its tastes. Our knowledge 
of it is due to Eorel, wlio has noticed that 
it is very fond of attending the fight;s 
between other ants. Here it plays the 
part of an interested spectator, ami 
watching its opportunity drags oh* the 
dea.(l Ijody ol* on(3 of th(3 comlritants in 
order to use it as foc^d. Althougli desti- 
tute of all power of stinging, this lustjct 
has a very useful means of defence cnati- 

in the anal glands with winch it is Uppar sidn a.n<i proiile. 
provided ; these secrete a fluid having 

a strong characteristic odour, and iiossi^ssing a.j)par(*.ntly vcd-y 
noxious (pialities when applied to other ants. The. Tapi- 
noma has no power of ejecting the fluid to a distarn'c, but is 
very skilful in placing this odorous inatt(*r on tin*, liody of an 
opponent by touching the. lattm* willi the ti]» of the a.b(lomen : 
on this being clone its adversary is usually discoiuiited. This 
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Insect* is Ksubterraiiean in its liabits, and is said to cliaiige its 
abode very frequently. T. erratiGum occurs somewliat rarely in 
Britain. Borel has also noted the habits of Liometo}min micro- 
cephalurHj another small European species of Dolichoderides. It 
is a tree-ant, and by preference adopts, and adapts for its use, the 
burrows made by wood-boring beetles. It forms extremely populous 
colonies which may extend over several large trees, the inhabitants 
keeping up intercommunication by means of numerous workers. 
No less than twelve mighty oaks were found to I)e thus united 
into a colony of this ant in one of the Bulgarian forests. The 
species is very warlike, and compensates for the extreme minute- 
ness of its individuals by the skilful and rapid rushes made by 
combined numbers on their ant-foes of larger size. 

Fritz Muller has given a brief account, under the name of 
the Imbauba ant, of a Brazilian arboreal ant, that forms small 
nests in the interior of plants. The species referred to is no 
doubt an Azteca, and either A, instabilis, or A. mulleri, Tlie nests 
are founded by fertilised females which may frequently be found 
in the cells on young Cccropia plants. Each internode, he says, 
has on the outside, near its upper part, a small pit where the wall 
is much thinner, and in this the female makes a hole by which 
she 'enters. Soon afterwards the hole is conqJetely closed by a 
luxuriant excrescence from its margins, and it remains thus closed 
until about a dozen workers have developed from the eggs of 
the female, when the hole is opened anew from within by the 
workers. It is said that many of the larvae of these ants are 
devoured by the grubs of a parasite of the family Chalcididae. 
This Insect is thought to protect the j)lant from the attacks of 
leaf-cutting ants of the genus Aita. 

We may here briefly remark that much has been written 
about the benefits conferred on plants by the protection given to 
them in various ways by ants : but there is reason to suppose 
that a critical view of the subject will not support the idea of 
the association being of supreme importance to tlie trees.^ 

Sub-Fam. 2. M3rrmicides. — Pedicel of abdomen formed of two 
well-marked nodes (knot-like segments). Sting present (absent 
in the Cryptocerini and Attini). (It should be noted that the 

^ See von Ihering, Berlin, ent. Zeitschr. xxxi.x. 1894, j). 864 ; and Forel, Ann, 
Soc. ent. Bclgiqtie, xl. 1896, p. 170. 
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workers of Ike (jenera. Ecitoii and Aeiiictiis of Uie sud-faniUy 
Dorylides have, like the Myrrriimdes, two nodes in the ycdicel.) 

This sub-family consists of about 1000 species, and includes 
a great variety of forms, but, as they are . ^ 

most of them of small size, they are less wW 

known than the Gamponotides, and much 
less attention has been paid to their 
habits and intelligence. Forel, until re- 
cently, adopted four groups ; Myrmicini, J ^ . 

Attini, rseudomyrrnini and Cryptocerini ; | I J | \ 

but he is now disposed to increase this / \ 

number to eight.^ They are distinguished . U / ^ 

by differences in the clypeus, and in the 1 

form of the head; but it must be noted 

that the characters by which the groups mo- 

are defined are not in all cases fully large and small 

applicable to the males. The Crypto- workers. East India. 

k^pn i are in external structure the most highly modified of 
^Slpiyoptera, if not of all the tribes of Insecta. 
these proper are defined by Forel as having the 

the Tetrar^fA middle, a little ' behind the front, of 

queen a creature^c^the head, which has carinae on . the inner 
destroying their outer sides, of the 

young sisters ; especia^^^s of the antennae ; the clypeus ex- 
ant than the Anergates, a^^^een the antennae, 
intruder if it were disposed genera of small European ants of 
that colonies of TetramoriuTn display some most 

times occur, and Wasmann has sug^i^iona. This is especially 
gates may seek out one of these, and h^oxenus, Anergates and 
a substitute, may be accepted by the facts known liave, liow- 
plausible hypothesis has still to be verifie)!ga only recently dis- 
The genus Cardioeondyla also exhibits*?4^7 exists as to 
apterous, worker-like males, while in one spdinportant points 
winged male is also known to exist. ‘Stories. 

Tomognathus sublaevis is a little Myrmicid ant^t the little 
in Denmark and Sweden, where its habits have r^s a guest 
studied by Adlerz. • A band of the Tomognathus atta^another 
of another little Myrmicid, Leptothorax acervormn, and §vlife, 
by their own pertinacity and the fears of the Lejptothorax n. 
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was declared by Nylander and Smith to 1)0 its male: it was 
however .shown some years ago by Andre that this is a mistake, 
and that S. westwoocli is really the male of another ant that 
had till then been called Asemorlio'ptritm liprpvhiiiL This correc- 
tion left the workers and females of For ni/lc oxen- nitidnihm 
destitute of a male, but Adlerz has recently discovered that the 
male of this species is wingless and similar to the worker, the 
female being a winged Insect as usual. It is very curious that 
the characters by wliich the male is distinguished from the 
worker should vary in this species ; l)ut according to Adlerz this 
is the case, individuals intermediate in several p(nnts Ijetween 
the males and workers having been discovered. Tliis plieno- 
menon of quite wingless males in species wliere tlie female is 
winged is most exceptional, and is extremely rare in Insects ; but 
it occurs, as we shall see, in one or two other Myrrnicide.s. Cluirles 

Darwin made tlie very 
reaso i lable suggest i on 
that winged males ma^^ 
be develo])ed occe'iyg-*" 
ally as an e'^^iie ^yall 
phenoincole by wliich 
b'liely closed by a 
remains thus closed 
,jped from the eggs of 
_.^new from within by the 
'"the larvae of these ants are 
^.ifsite of the family Chalcididae. 
ytlect the plant from the fittacks of 
As Atta. 

/"remark that much lias been written 
/red on plants by the protection given to 
but there is rea.son to sinnxjse 

partol 1)111 (1 leg brolvei ^ ^ 

female, after ea-sting/x 01 the subject Will iiot Support the idea of 
;ing of supreme importance to the trees.** 

and occurs in ' 

the female, ''Myrmicides. — Pedicel of abdomen formed of two 
but there \dirked nodes {knot-like segments), Sting present {absent 
and ine‘>«'^ Cryptocerini and Attini). {It should be noted that the 
with 

See von Iliering, Berlin, cnt. Zeitschr. xxxix. 1894, p. 304 ; and Forel, Ann. 

Soc. ent. Belgiq'ue, xl 1896, p. 170. 
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first an active little creature with wings, but after these are lost 
the body of the Insect becomes extremely distended as shown in 
Fig. 69, C ; the creature is in this state entirely helpless, and as 
there are no workers, the Anergates is completely dependent, for 
the existence of itself and its larvae, on the friendly offices of the 
Tetramorimrh that lives with it. The mode of the association 
of these two Insects is at present both unparalleled and inexplic- 
able, for only workers of the TeAramorvwm are found in company 
with the $ and 5 Anar gates ; the community, in fact, consisting 
of males and females of one sj)ecies and workers of another. The 
nests of Anergates are so rare that only a few naturalists have 
been able to observe them (Schenk, von Hagens, and Forel may 
be specially mentioned), but in the spots where they occur, 
nests of the l^etmmorlum, containing all the forms of tliat species, 
are numerous, and it therefore seems probable that a young lertile 
female of the Anergates may leave a nest in which it was born, 
enter a nest of the Tetrwriurrvwm, and, destroying the queen tliercof, 
substitute herself in the place of the victim ; but if tliis be really 
the case, the larvae and pupae of tlie must also bo 

destroyed, for no young of the Tetra^normni are ever found in 
these strange associations. It is very diflicult to believe that 
the TetraTrioTvmn workers should be willing to accept as thdr 
queen a creature that commenced her acquaintance with them by 
destroying their own queen or queens and a number of their 
young sisters ; especially as the Tetrmnurmni is a more powerful 
ant than the Anergates, and could readily dispose of the murdei’ous 
intruder if it were disposed to do so. It is known, however, 
that colonies of Tetramorimn completely destitute of (pieens some- 
times occur, and Wasinann has suggested that the female Aner- 
gates may seek out one of tliese, and installing herself tlierein as 
a substitute, may be accepted by the orplianed colony. This 
plausible hypothesis has still to be verified. 

The genus Cardiocondyla also exhibits the phenomenon of 
apterous, worker-like males, while in one species, G. emeryi, a 
winged male is also known to exist. 

Tornognathus sublaevis is a little Myrmicid ant, found rarely 
in Denmark and Sweden, where its habits have recently been 
studied by Adlerz. A band of the Tomognathus attack tlie nest 
of another little Myrmicid, Le])tothoTax acervorum, and succeed 
by their own pertinacity and the fears of the Leptothorax in 
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obtaining possession of it ; the legitimate owners disappear, leav- 
ing the Tomognathus in possession of their larvae and pnpae; 
these complete their development only to find themselves the 
slaves of Tomognathus. The subsequent relations of the two 
ants are friendly, the slaves even preventing their masters from 
wandering from the nest when they wish to do so. If an estab- 
lished mixed community of this nature is in want of additional 
servitors, the Tornognathus secure a supply by raids after the 
fashion of the Amazon-ant, bringing hack to their abode larvae 
and pupae of Le'jgtothorax to be developed as slaves. It was for- 
merly supposed that the Tomognathus continued its species by 
perpetual parthenogenesis of the workers, for neither males nor 
females could be found. Adlerz ^ has, however, now discovered the 
sexual individuals. The male is an ordinary winged ant, and is 
so like that sex of the Legitothorax, that Adlerz had failed to 
distinguish the two before he reared them. The females are 
apterous, and in fact like the woikers. It would perliaps be 
more correct to say that the workers of this species vary greatly 
but never become winged ; some of them have ocelli and a struc- 
ture of the thorax more or less similar to that of winged females, 
though none have been found with wings. Certain of these 
females possess a receptaculuin seminis, and Adlerz treats this as 
the true distinction between female and worker. In accordance 
with this view the female of Tomognathus may be described as a 
worker -like individual possessing a receptaculum seminis, and 
having more or less of the external structures of winged females, 
though never being actually winged. It is probable that other 
workers reproduce parthenogenetically. The males of tins species 
will not unite with females from the same nest, thus differing 
from many other ants, in which union between individuals of the 
same nest is the rule. Finally, to complete this curiouB history, 
we should remark that the larvae of the Tomognathus are so 
similar to those of the Le^tothorax that Adlerz is quite unable to 
distinguish the two. 

Strongylognathus testaxeus and S. huleri live in association with 
Tetramorium caesjpitum, and are cared for by these latter ants ; it 
is notable that as in the case of the slave-making Folgergus 
Tufescens the mandibles of the Strongylognathus are cylindrical 
and pointed, and therefore unsuitable for industrial occupations. 

^ Bih. SvensJca Ale. xxi. 1896, Afd. iv. No. 4. 
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S. testaceiis is a weak little aiit, and lives in small numbers in the 
nests with T. caespitiwi, which it is said to greatly resemble in 
appearance. The proportions of the forms of the two species 
usually associated is peculiar, there being a great many workers 
of T. cctespif/mn both in the perfect and pupal states, and also all 
the sexes of the Stroiigylognctthus, of which, however, only a few 
are workers. Tliis would seem to suggest that S. testaceus attacks 
and pillages the nests of T. cacspiUmn in order to carry off worker 
pupae, just as- Folyergu^ ri/fesceMs does. But the facts that S. 
testaeem is a weaker Insect than the Tetramorimn, and that only 
a few of its worker-caste are present in a community where there 
are many workers of the Tetrmnorium, seem to negative the view 
that the latter were captured by the former ; and the mode in 
which the associated communities of these two species are started 
and kept up is still therefore in need of explanation. 

Strongylognatlius h/uheri is a much stronger Insect than its 
congener, S. tesicamis, and Forel has witnessed its attack on 
TetramoTvmm, caespUumi. Here tlie raid is made in a similar 
manner to that of Folyergus rufe^cems on Formica; the Tetrcimo- 
ri'urfi is attacked, and its pupae carried off to the abode of the 
StTongylogiiatli/us to serve in due time as its slaves. The man- 
dibles of li/uheri, l)eing similar in form to those of Folyc/rym 
r%fesce7is, are used in a similar manner. 

Althougli T. caespitimi is common enough in South-East Eng- 
land, it is to be regretted tliat none of the guests or associates we 
have mentioned in connection with it occur in this country. It 
is a most variable species, and is distributed over a large part of 
the globe. 

Our British species of Myrmicides, about ten in number, 
all belong to the group Myrmicini ; none of them' are generally 
common except Myr^riica ruhra, which is a most abundant Insect, 
and forms numerous races tliat have been considered by some 
entomologists to be distinct species ; the two most abundant of 
these races are M. ruginoclis and M. scabrinodis, which sometimes, 
at the time of the appearance of the winged individuals, form vast 
swarms. 

Tiie tiny Monomorium pliaraonis is a species that has 
been introduced into Britain, but now Occurs in houses in 
certain towns ; it sometimes accumulates on provisions in such 
numbers as to be a serious nuisance. Seventeen thousand 
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individuals weigh. 1 gramme, and it is probable that a nest 
may include millions of specimens. 

The genus Aphaenogaster^ and its immediate allies include the 
harvesting ants of Europe and N^orth America : they form subter- 
ranean nests consisting of iso- 
lated chambers connected by 
galleries ; some of the chaniljers 
are used as store -houses or 
granaries, considera])le quantities 
of corn, grass, and other seeds 
being placed in them. A. 
structoT and A. harhariis have 
been observed to do this in 
Southern Europe l)y Lesp6s, 
Moggridge, and others. 

In the deserts aljout Algeria 
and Tunis a harvestiii 
ApJiaeAiogct8teT (3fess(w) 
cirms^ is an important creature : 
its subterranean dwellings are 
very extensive, and are placed 
at a depth of sever^il fecit from 
the surface. Entrance to tliese 
dwellings is olitained l)y small 
holes, which are the orifices of 
galleries many feet in length: 

holes are surujunded by 
pellets of sand projecting some- 
what above the general surftice, and cousecpiently making the 
places conspicuous. The subterranean works occupy an area of 
fifty or a hundred square yards excavated at a depth of three to 
six feet. In these immense nests thei*e exists a form of wcjrker, 
of very small size, that never comes to the surface." 

Fogonomyrmex harhatus and other species have Ixien observed 
to do harvesting in North America. After tlie workers of 1\ 
harhatus have taken the seeds into the ncvst they separate the 
husks and carry them out, depositing them on a heap or kitchen- 



PiG. 70 . — Aphamogmter [Messor) harharus. 
Algeria. A, male ; B, winged female ; 
C, large worker or soldier ; D, small 
worker, x 4. 


^ Until recently tliis genus was generally known as Alta,, but this name is now 
applied to the leaf-cutting ants, that were formerly called Oecodoma. 

^ Porel, Bull. Soc. Vaudoise, xxx. pjj. 29-30, 1894. 
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midden, formed near by. M'Cook has witnessed and described 
the process of stripping the seeds. 

Certain genera — e.g. Aiihaenogaster , Plie.idolc — exhibit great 
disparity in tlie f<jrius of the workers, some of which are of 
size much superior to tlie others, and possess disproportionately 
large heads ; these large individuals are found in the same nest 
as the smaller forms. All the intermediate fornjs may frequently 
be found, and at the same time, in the genus Apliaenog aster ; but 
in Pheiclole intermediates are of the utmost rarity. 

The genus Or e/inadog (inter is remarkable on account of the 
shape of the hind body and its articulation, which give the 
abdomen the appearance of being put on upside down. This 
mode of articulation may allow the Insect to threaten its enemies 



Fig. 71 . — Oremastoyaster tricolor , worker. A, with abdomen extended ; B, uplifted. 

when they are in front of it ; but it is doubtful whether the 
Or emastog aster possesses an effective sting. 

ii. Tlie group Attini is distinguished by the presence of a 
Carina near the eye, by the antennae being inserted at a moderate 
distance from one another, hj the clypeus being prolonged back- 
wards between them ; and by the alisence of a sting. The 
group is nob represented in Europe, but in Tropical America the 
ants l)elonging to it are amongst the most important of natural 
objects. The species of the genus Atta (usually styled Oeeodorria) 
are the formidable leaf-cutting ants of America. Tliey occur in 
enormous colonies in certain places, and will in a short time 
completely strip a tree of its leaves. As they appear to prefer 
trees of a useful kind, especially those planted by man, their 
ravages are often of the most serious nature. The natives, 
feeling it hopeless to contend with these Insect hordes, only too 
frequently abandon all attempts to cultivate the trees and 
vegetables the Insects are fond of. Both Bates and Belt have 
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giYeii accounts of some points in the ectoiioniy of ants. 

They are amongst tlie largest oi the Torniicidae, tlie foinaTis in 
some cases measuring about tvYo and a lialt inches aovoss tilth r 
expanded wings ; the males are much smaller, but are h*ss dis- 
similar to their partners than is usual among ants. The w^orki'rs, 
on the other hand, are so extremely different, that no one would 
suppose them to be at all related to the males and leni tiles (see 
voL V. Fig. 339). 

The mode of operation of these ants is to form paths froiri 
their formicary extending for a considerable distance in vtirious 
directions, so that they have a ready access to any sjuot in a 
district of considerable extent ; when a tree or hush is found 
bearing leaves suitable for their purposes, the worker ants tusceiul 
it in large numbers and cut np the leaves hy biting out of tlieiii 
pieces similar in size and shape to a small coin ; these pieces luv. 
then carried back in the jaws of the ants to their nests ; tln^. ant- 
paths are therefore constantly traversed by bands of little creuitur(.is 
carrying hardens homewards, or hurrying outwards in sea-rch of 
suitable trees. 

The formicaries are of considerable size^ and are clcHiMilicd 
as consisting of low mounds of bare earth of considerable extfuit. 
Bates speaks of as great a circumference as forty yards; t!i(\s(* 
accumulations of earth have frequently an appearance dillerent 
from the adjoining soil, owing to their being formed of Hiibsoil 
brought np from below; they are kept bare by tlie ants con- 
stantly bringing to and depositing on tlie siirlace fresh nuit.erial 
resulting from their subterranean excavations. The true [ibodi*,H, 
beneath the earth, are of greater extent than the mounds them- 
selves, and extend to a considerable depth ; they coxiHist of 
chambers connected by galleries. 

The* leaf- cutting ants extend their range to i^orth 
America, and IVTCook has recently called attention to a cuse 
there in which A. Jermns made an underground route at an 
average depth of 18 inches, and at an occasional depth of G 
feet, extending 448 feet entirely beneath the earth, after wh ich 
it was continued for 185 feet to reach atreewliich the ants wem 
engaged in defoliating. This route, extending altogether to a length 
of more than 600 feet, presented only a very slight deviation 
from a straight line drawn between the point of departure and 
the object to be attained By what sense this ant was enabled 
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to nia,]vO a saliterra-nean tunnel in a straight line to a desired 
object situated at so great a distance, we know not. 

The use the leaf-cutting ants make of the enormous amount 
of material they gather was for long a subject of debate, and has 
only recently been ascertained by the observations of Moller. 
After being carried to the nest the pieces of leaves are cut into 
small fragments by another set of workers and formed into balls, 
which are packed in various parts of the nest, and amongst 
which the iriycelium of a fungus — Rozites gongylo^pliora — ramifies. 
This fungus the ants cultivate in the most skilful manner : 
they manage to keep it clear from rnouldiness and bacterial 
agents, and to make it produce a modified form of growth in 
the shape of little white masses, each one formed by an agglomera- 
tion of swellings of the mycelium. These form the chief food of 
the colony. Moller ascertained by experiment that tlie results 
were due to a true cultivation on the part of .the ants : when 
they were taken away from the nests, the mycelium produced 
two kinds of couidia instead of the ant-food. 

Many details of the economy of these leaf-cutting ants are 
still very imperfectly known. The large-headed forms, called 
soldiers, have been the subject of contradictory statements ; 
Bates having concluded from his own observations that they 
are harmless, while Mr. J. H. Hart assures us that they are very 
fierce and vindictive, and inflict very serious wounds by biting 
(the Attini do not sting). We anticipate that the observations 
of both these naturalists will prove to be substantially correct, 
and tliat the differences in habits will be found to be owing to 
distinctions in the conditions of the. community. In connection 
witli this point we may remark that the function of the ex- 
cessively large heads of certain kinds of soldier-ants is still 
obscure. In the East Indian FheidologeUm div&rms the big 
soldiers are quite one hundred times as large as the smaller 
workers. As these latter bite viciously it would naturally he 
supposed that tlieir gigantic confreres with enormous heads would 
be warriors of a most formidable nature ; but, as a matter of fact, 
the giants -are unable to bite even when they try to do so. 
Aitken has somewhere suggested that these enormous individuals 
play the part of state elephants ; and we have been informed by 
Colonel Bingham that the small ants may frequently be seen 
riding in numbers on their unwieldy fellows. We anticipate 
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however, that some other function will be found to exist for 
these forms with enormous heads. An examination of their 
organs of sense and of voice is very desiraTjle. 

Details of the modes in which the great coirimunities of the 
leaf- cutting Attidae are maintained, are still wanting- The 
females do not,- we have been informed by Mr. Hart, possess 
any considerable powers of aftergrowth, so tliat there is no r(‘ason 
to suppose them to be unusually j)rolifie. At certain sciasous 
great swarms of winged individuals are produced, and Miter 
leaving the nests pair in the manner of our European Mjirmfiui. 
Possibly the females may, after losing their wings, again enter 
the large communities. Yon Iheriiig states that the workers of 
Atta htncli are fertile. 

iii. The group PsEODOMYRMiNi includes tlie genera Tscado- 
mymia and Sinmi, which are by some entomologists ti^entcid as 
but a single genus. The antennae are inserted near togetlKU* on the 
front of the head; there is no carina on tlie head external' to 
their insertion, and the clypeiis does not extend forwards betw(HJU 
them. The Insects are nsiially of elongate form, possess u sting, 
and have a naked pupa. The group occurs in hotli heinisphtn-i'S, 
but is exclusively exotic, and but little is known of tlie liabits of 
its members. Porel has recently observed tliat miinerouH s])ecieH 
live inside dried steins of grass or in hollow twigs, and are 
beautifully adapted for this mode of life by their elongate form, 
some of them being as slender as needles. Some interesting 
observations have been made in Niearaguit hy Belt on PmuliH 
myrma licolor and its relations with an acacia- 1 ree, io- tdui thoniB 
of which it lives. The acacia in q[uestionis called the buirH-horn 
thorn, because the hranches and trunk are armed with strong 
curved spines, set in pairs, and much resembling the horns of 
the quadruped whose name they bear. The ant takers posBession 
of a thorn by boring a small hole near the distal extremity, and 
forms its nest inside. The leaves of tins plant are provided 
with glands that secrete a lioney-like fluid, wliich it appears 
forms the chief, if not the sole, subsistence of the ant. Bcdt 
considers that the presence of the ant is beneficial to the actaeda ; 
he supposes that the ants assume the rights of ])roprietoTB, and will 
not allow caterpillars or leaf-cutting ants to meddle with their 
property ; the leaves are, he thinks, so preseuwed to the benefit 
of the tree. 
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Eothiiey has given some particulars of the liahits of Smia 
rufo-nigra, an ant of this group that appears to he not uncommon 



Fig. 72 . — Sima rufo-niijra and 
its associates. A, winged 
female ; B, worker, of the 
ant ; C, RIdnojms ruji- 
cornis, a fossorial wasp of 
the sub -family AvipuH- 
cides ; D, a spicier, Salticus 
sp. The coloration is ex- 
tremely similar in all these 
ci'eatiires. 


near Calcutta, where it lives on the trunks of trees in company 
with a spider and a wasp that greatly resemble it in form and 
in colour. The three creatures seem to associate together 
on amicable terms; indeed the wasp and the ant occasionally 
indulge in wrestling matches without doing 
one another any serious harm. In connection 
with this fact we may observe that other 
species of ants have lieen observed to indulge 
in sports and feats of agility. 

S. levice^ps, an Australian species of this 
genus, is furnished with a stridulating file 
that has the ap]3earance of being constructed 
so as to produce two very different kinds of Fia 73.-— Stridniating file 

T of Simc Uviceps. 

sounds. 

iv. The Cryptocebini are distinguished from other ants fey their 
antennae being inserted at the sides of the head, where they are 
placed between ridges or in a groove into which they can be 
withdrawn ; when in some cases they are entirely concealed. 
These ants assume a great variety of shapes and forms, some of which 
look almost as if they were the results of an extravagant imagin- 
ation. The skeleton is usually much harder than it is in other 
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ants; tlie abdomen consists almost entirely of one very large seg- 
ment, there being, however, three others visible at its extremity ; 
these segments can be only slightly protruded, and the a,uts have 
no power of stinging. They are probaldy most of them arboreal 
in their habits. Nearly all of the known forms are exotic. 
According to the observations of Bates the species of the genus 

Cry'ptoceras in the Amazons Ahilley 
may frequently be o])served in dry 
open places on low trees and Imshes, 
or running on branches of newly felled 
trees; they also visit flowers abund- 
antly. The species generally are 
wood-borers, usually perforating the 
dead branches of trees. C. af/nUvs has 
been observed to construct its nests 
in the dead, suspended brandies of 
woody climbers ; a numljer of neatly 
drilled holes are all that can be seen 
pressed first joint of the hind externally ; blit, iiiside, the wood is 
different positions. perforated with intercommuni- 

cating galleries. Each community 
appears to '’consist of a single female and two kinds of workers ; 
the latter in some species are cjuite unlike each other, differing 
in the form of the head, and in the armature of the thorax and 
nodes of the peduncle. The species of Cri/ptocAiru^ 
omnivorous, and are frequently attracted hy the excrement of hirds. 
The pupae are not enclosed in a cocoon. In the South of Europe 
two very minute ants, of the genera StfumiyeM'i/s and FpitrUvn, 
belonging to tliis fomily, are met with under very large stones 
partly embedded in the earth. They are of the greatest rarity. 

Snb-fam. 4. Ponerides. — Hind body elong(de,furiiisked with one 
node at the base, and having also great capacity of niovemuni 
between the first and second segments, behoeen tahich there is 
usually a slight constrietum. Sting well developed. 

This sub-family includes numerous genera and about 400 
species. The IVjnerides have an elongate hind-body ; the second 
segment behind the node is capable of great movement in and out 
of the preceding segment, and for this purpose is furnished with 
a basal portion slightly more slender than the apical part ; this 
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basal part is usually concealed within tlu‘. more anterior segment, 
the hind inargi.n of wliich em1)races it very closely. On the 
middle of the dorsal aspect of this articulation there is usually 
placed a stridulating organ, consisting of an elongate band or 
patch of very fine lines ; this gives out a sound when the second 
segment is moved in and out of the first at a time when the 
posterior edge of the latter is slightly depressed. 

We follow .Forel in including the Australian bull-dog ants — 
Mynneoia — in Ponerides, as well as the Odontomachi. The 
former have, liowever, a definite pedicel, consisting of two nodes 
(Fig. 76). In the Odontomachi the mandibles are approximate 
at their bases, being inserted on the middle of the front df the 
head (Fig. 77). 

. This sub-family includes a considerable number of species, 
and is found in all parts of the world. Extremely little is 
known as to the habits, but the true Ponerides do not, so 
far as is known, occur in large communities, and it seems 
probaljle tliat they are destitute of the powers of combined 
action that are so remarkable in the Camponotides, and in some 
of the Myrrnicides and Dorylides. Most of the specids that 
have been described are known by only one sex, so that very 
little knowledge exists as Ho the sexual distinctions ; but from 
the little that is known it would appear that the three sexual 
forms are not so differentiated as they are in most of the Cam- 
ponotidcs and Myrmicides. 

The sp)ecies of the genus Leyitogenys are believed hj Emery 
and Forel to possess an 
apterous female. Mr. 

Perkins lias o])served that 
the Plawaiian L. fcdcigerct 
has workers witli differ- 
ent kinds of sting, but 
no true female. Males of 
this species are, however, 
abundant. Wroughton 
has recently discovered 
that one member' of this 
genus is of Termito- 
phagous habits, but this is not the case with Dino- 

jponercc grancliB (Fig. 75) is the largest of the Ponerides, its 



Fia. 75. — T>i7U)jr)onera grandis^ worker. Amazons. 
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workers attaining an inch and a quarter in length. This Insect, 
according to Bates, niarclies in single file in tlie tliickets at Bara ; 
its colonies consist of a small number of individuals, and are 
established at tlie roots of slender trees. The effects of its 
powerful sting are not so serious as is the case with some of tlie 
smaller ants. 

In Britain we have only two representatives of the sub-hxmily, 
viz. Fonera toniracta, a small ant of dirty-yellow colour, found 
rarely in the Southern counties, living in moss or under stones. 
Its colonies consist of only a few individuals ; Forel giving fifty 
as the highest number he has observed. The second species, F, 
'punctatissima, presents the almost unique peculiarity of possess- 
ing two forms of the male sex, one of them resembling the 
worker in inost of its peculiarities, and in being destitute of 
wings, while the other is winged, as is usual in male ants. In 
the island of St. Vincent another species of Fonera has been dis- 
covered having an apterous and worker-like male, and was named 
by Forel it ergatcmclria} The discovery of this form has led 
him to express some doubt as to whether Fonem 
has two forms of males ; but it seems probable that it really is 
so, the ergatoid males being produced under somewhat different 
circumstances from the normal males. We have already said 
that Carcliocondyla and a few other Myrmicides exhibit an 
analogous peculiarity. 

The genus Myrmeda is confined to the Australian continent 
and Tasmania, and includes a considerable number of species of 
large and moderate-sized ants, the classification of which has 
been a subject of difference of opinion. This lias arisen from 
the fact that the nodes of the abdominal pedicel are more similar 
to those existing in the Myrmicides than to those of the typical 
Ponerides. There are, however, some American members of tlie 
latter sub-family {Faraponera clcmata, e.g.) that differ but little 
in this point from Myrmeda, and, moreover, the pupae of Myr- 
meda are enclosed in a cocoon,, while in the Myrmicides they 
are usually naked. On the other hand the nests are, it appears, 
very large and populous, more like what exists in tlie Myrini- 
cides ; there is no true stridulating organ on the first abdominal 
segment. The genus is therefore one of those interesting 
anomalies that form so large’ a proportion of the Australian 
^ Tr. ent, Boc. London, 1893, pj). 365-467. 
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fiiuna, and will lU’obably be ultimately treated as a distinct sub- 
family. Tliere are about thirty sx^ecies. 

The ants of this genus are well known to the residents in 
Australia, where they are called " bull- 
dog ants.” They form large mounds of 
earth for their nests. Tlie workers, and 
females (Fig. 76) are much alike exce^^t 
during the period when the latter are 
still carrying their wings. The males, 
however, differ considerably, being of 
more slender form, and possessing only 
insignificant mandibles, and straight 
antennae witli a quite short basal joint. 

Forel considers Myo^mecia to be the 
most formidable of all the ants; the 
hills are said to Ije sometimes five feet 
high, and the colonies are immense in 
numbers, wliile the Insect is an inch or 
more in length, a,nd armed with a very powerful sting, the use 
of which on the human body is said to give rise in some cases 
to serious symptoms. On the other hand, we have seen state- 
ments to the effect that the sting of Myrmeeia has only very 
evanesc^ent sequelae ; it is also said that the ant-hills have only 
a sliglit elevation, so that probably both these points differ 
according to the sj)ecies. It ax)peai's from a communication of 
Miss Shepherd’s that the formidable Myrmecia forjicata has its 
larvae destroyed by a yjarasitic Hymenopteron {Eiocharis myr- 
rnecia(i) of lirilliant colour and considerable size, so that we have 
the curious fact of the hordes of this most formidably armed ant, 
wliich possesses also large eyes, falling a victim to a brilliant and 
very conspicuous Insect. Particulars of this case of parasitic attack 
are still wanting. There are other cases known of the larvae of 
ants being destroyed by parasitic Diptera and Hymenoptera, but 
in none of tliem have any sufiicient observations been made as to 
the mode in which tlie attack is made. Lowne says that M. gulosa 


Fig. 7 6. — Myrmecm pyrifoi'mis. 
Australia. Female after 
casting wings. 


itself attacks large beetles of the genus Anojylognatlius and buries 
them ; and he also adds the very curious statement that M, oiigro- 
ciruita, when running, is able to take leaps of a foot in length. 

The Odontoniachi were formerly considered a distinct sub- 
family, distinguished by the peculiar mandibles (Fig. 77). 
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Many of the Ponerides have elongate mandibles, but they are 
inserted at the sides of the front of the head, not in tlie middle 
of the front. These organs in some species of Odontomaclii 
serve as levers, by aid of which the Insect can execute considerable 
leaps. In only a few species are the males known ; Mayr and 
Forel state that they are destitute of the peculiar mandibles 
characteristic of the worker. 

The unique European representative of the Odontomaclii, 
A7WGhetu8 gliilicmi, occurs in Andalusia. Hear Tangier Mr. 
George Lewis found it to be not uncommon ; but the sexes are 

not known, and it even appears doubt- 
ful whether there exists any well- 
marked division between workers and 
female. Lewis observed, among the 
ordinary forms, individuals with longer 
bodies, usually one in a nest, and he 
supposed these to be females ; Saun- 
ders, on examining these examples, 
found them to possess distinct ocelli, 
and therefore agreed with Lewis as to 
their being the female sex. Dr. Emery 
subsequently examined these same 
specimens, and took what is scarcely 
a different view, viz. that tliey are not 
females but an intermediate form ; and he also expressed tlie 
opinion that “ the true female may not exist.’' The male of 
Anochetus is not known. The female of A. mayri^ a Neotropical 
species, has rudimentary wings. 

Sub-fam. 5. Dorylides. — Cly;peus extremely small ^ the antennae 
inserted, very near the front margin of the head. Hind 
body usually elongate and suhcylindrical, with an im'igerfevt 
pedicel formed by the constriction of the back of the first 
segment, but occasionally there are tioo nodes in the workers. 
Distinctions between the two sexes, and between the workers 
and sexed forms, e^iormous, the queens truly wingless. The 
females and workers usually blind, or at any rate destitute of 
facetted eyes. (In Mcitonini the antennae are not inserted 
quite at the front of the head, and there are tivo nodes in the 
gyedicel.') 



Fig. 77. — A nochetus ghiliani, 
worker. Tangier. 
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We liave reserved to the end the ants the consideration of 
the two groups Dorylides and Amblyoponides, recent investigations 
having rendered it somewhat doubtful whether they can be 
maintained as distinct from Ponerides. The chief character of 
the Dorylides is that the males are much less ant-like in form 
than they are in the other groups, and that the distinction 
between the females and workers are enormous. The little that 
is known as to the males and females of this group suggests 
the view that these sexes may offer sufhcient reason for keep- 
ing tlie Dorylides as a group distinct from the other ants ; but 
it must be admitted that it is very difficult to’ find satisfactory 
characters to distinguish the workers of the Dorylides in some 
cases from the Ponerides, in others (Ucito7i) from the Myrmicidesd 
The Dorylides are of great interest, for they exhibit the remark- 
able phenomenon of a nomadic 
social life, accompanied by im- 
perfect sight in the wanderers. 

The sub-family includes two 
apparently distinct groups : 

(1) the Ecitonini, peculiar to 
the New World, and having 
a close relatioriship with the 
Myrmicides ; and (2) the 
Dorylini existing chiefly in 
the eastern hemisphere, and 
related closely by its workers 
to the Ponerides and Arnbly- 
oponides. (i.) The Ecitonini 
consist of the species of the 
genus Ec/Ufm, the wandering 
ants of Ameiica, and of laln- 
dus, whicli til ere is now good 
reason for believing to con- 
sist of the males of Edton. 

The female is still uncertain. The Eciton are nomad ants 
having no. fixed abode, but wandering . from place to place in 
search of prey, and forming temporary resting-places. The 

^ For a v«'ilnable revision of Dorylus and its allies see Emery, Zooh Jahrl), Syst. 
viii. 1895, pp. 686, etc. We, however, doubt the wisdom of extending the sub- 
family so as to include Cerayachys^ Parasyscia, etc. 



Fig. 78. — Various forms of worker of Eciton 
hmnatum. Guatemala. 
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species are rather numerous, and the habits of several have been 
described by Eates, who, however, was not acquainted witli some 
of the most peculiar features in their biology, these having been 
since revealed by Belt and W. Muller. 

These ants are predaceous in their habits, and some of the 
species travel in vast hordes ; they occasionally enter houses and 
clear them of much of the vermin with which they may be 
infested. They have no facetted eyes, some of tlie forms being 
quite blind, while others have a pair of peculiar lenses in the 
position normally occupied by the compound eyes. Usually 
there are two castes of the workers, and in some species these are 
very different from one another, the mandibles being in the 
larger form very elongate, cylindrical and unfit for industrial 
purposes, while the individuals of the smaller caste have the 
outer jaws shorter, with their edges apposed and coadapted : in 
other species individuals with mandibles differentiated from the 
normal form do not exist. The nomad habits of these ants were 
described by Bates, but the detection of their temporary resting- 
places was reserved for Belt, who found that, after their plundering 
raids, they retired to a place of concealment, and there clustered 
together in a compact mass like a swarm of bees. Belt says : 
“They make their temporary habitations in hollow trees and 
sometimes underneath large fallen trunks that offer suitable 
hollows. A nest that I came across in the latter situation was 
open at one side. The ants were clustered together in a dense 
mass, like a great swarm of bees, hanging’ fr(un the roof, but 
reaching to the ground below. Their innumerable long legs 
looked like brown threads binding together the mass, which 
must have been at least a cubic yard in bulk, and contained 
hundreds of thousands of individuals, althougli many columns 
were outside, some bringing in the pupae of ants, others the legs 
and dissected bodies of various Insects. I was surprised to see 
in this living nest tubular passages leading down to the centre 
of the mass, kept open, just as if it had been formed of inorganic 
materials. Down these holes the ants who were bringing in 
booty passed with their prey. I thrust a long stick down to 
the centre of the cluster and brought out clinging to it many 
ants holding larvae and pupae.” 

Turning now to the Zabidus question : many American 
species of this genus have long been known, though all of tliem 


IV 


DORYLIDES WANDERING ANTS 


177 


by the male sex only. The discoveries (to be subsequently 
alluded to) made in the Old World us to the relations between the 
driver aiits and iJoryhis raised a suspicion that Zctbichcs might 
be the inale of Helton^ the distinctions in the two cases being 
very analogous : this conjecture has been almost proved to be 
correct by the I’ecent observations of Hetschko and W. Midler. 
The latter, wlio o])served the. temporary nests of JUciton licimatum, 
confirms Belt’s statements as to the ants hanging together in 
clumps, like swarms of bees ; he also states that the change from 
one temporary abode to another takes place at night, though, as 
is well known, the hunting forays of this ant are carried on in 
the daytime. Tlie periods of migration appear to be determined 
by tlie time at which all the larvae have assumed the pupal 
state, this at any rate being the time chosen in the case observed 
by Midler. This naturalist bagged a part of one of the nests 
by the aid of ether, and found the larger portion to consist of 
pupae ; tliere were also some larvae and eggs ; a specimen of 
Lahiihis {Jj. hirchelli) was also found on friendly terms with the 
workers ; and myrmecophilous Coleoptera were discovered. 
Tlie pupae are enclosed in cocoons. ‘Persistent search failed to 
reveal any female, but the examination was made under great 
difficulties. Midler also states that the earliest pupated larvae 
yield soldiers, tlie latest the smallest forms of workers. From 
observations made by Forel on a pupa,, it seems probable that 
a wingless form of male may be found to exist. If there- 
fore, as appears practically certain, Lahulus is the winged male of 
Eiyiton, it is probable also that males of more dr less worker-like 
form exist, as is now known to be the case in some other 
Formicidae. 

We may here notice a peculiar apterous female ant recently 
described by Andre under the name of PscMclodiothadia mcertcL 
He thouglit this might prove to be the female of Eciton- 
Lahulus ; but his description and figure are imperfect, and do not 
greatly support his idea of a connection between Eciton and 
PseAidodictliadicL 

ii. The group Dorylini includes the genus Eorylus, which was 
founded many years ago for Insects very like Lahidus. As in 
the case of the American Insect named, males only were known ; 
two or three allied genera, consisting exclusively of individuals 
of the sex mentioned, w’ere subsequently described. In the 
VOL. VI N 
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regions inhabited by these males numerous species of blind ants 

are known, but only in the 
worker form, and were, or still 
are, referred to genera called 
Tyjplilo^one and A7i07mia. No- 
thing that could be considered 
to be a female pertaining to 
any of these Insects was dis- 
covered until Gerstaecker de- 
scribed under the generic name 
Dicthculia an extraordinary 
apterous female ant founcl in 
Java, and it was suspected 
that it might be the long- 
expected female of the male 
Doryl'us and of the^ worker 
2^yphlo2')one or Ano77i7ncL This 
remained for many years with- 
out confirmation, but in 1880 
Trimen announced the dis- 
-Fm. 79.— Dofi/hisMvoius. Africa. A,m<aie; coveiy in South Africa of an 

B, female ( Dicthadia ) ; C, worker major jy t . 

{Typhlopone) ; D, worker minor. (After CllOrmOlXS apterOUS temale ailt, 

allied to bicthadia ; it had 
been disinterred from a nest of small red ants believed (wrongly) 
to be Anomma. As Dorylus had been previously found in con- 
nection with allied worker ants it has since then been clear that 
notwithstanding the enormous differences existing between these 
three forms they may all pertain to one (or to closely allied) 
species. From this summary the student should understand tliat 
he will find in myrmecological literature many references to two 
or three genera that really belong to one species. 

The workers of the Dorylini at present known are without 
exception quite blind, and are believed to be all of predaceous 
habits ; it is thought by some that they have no fixed abodes, 
but, like the Ecitonini, frequently change their residence, and it 
has been suggested that in doing so they make use of the nests 
of other ants as temporary abodes ; all these i)ointB are, however, 
still unsettled, and as there are several genera it is not unlikely 
that considerable variety will be found to prevail. The driver 
ants of Africa, belonging to the genus A7i07ri7na, are in some 
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Fig. 80. — Body of male of Dorylus sp. Delagoa Bay. 
proiiotum ; h, c, divisions of inesoiiotnni ; d, 
nietanotum ; e, propodeuni ; first abdominal seg- 
ment ; < 7 , 7i, points of insertion of anterior and pos- 
terior wings. 


respects similar to Mi ton in IialDits, as they enter human habita- 
tions and cause nearly- everything else to quit ; it is probable 
that they are also exclusively carnivorous. Savage detected the 
nests of A. emeus, hut tlie account he has given of them is too 
vague to permit one to decide whether the assemblages he saw 
were of a nomad kind. The workers of this species vary greatly 
in size, and Emery has 
recently stated that 
he believes all the 
supposed species of 
the genus to be 
merely varieties of A. 

1) u ruieiste t i. T h e 

female of the driver 
ants is still quite 
unknown. A Dorylus 
has been ascertained 
to be the male of TyfMofone, The male Dorylus (Figs. ^9, A, 
and 80) is of great interest, for the propodeum is in a more primi- 
tive form than it is in any other petiolate Hymenopteron known to 
ns, while at the same time tlie pronotiun and mesonoturn are very 
highly developed. The genus Ty 2 Matta Srn. has been recently 
identified by Wroughton and Forel as the worker-condition of 
wliich Aenietus is the winged male. The genus Alao'pone will 
probably be found to have some species of Dorylus as its 
male. 

The females of the Dorylides are amongst the rarest of Insects, 
and arc also amongst the greatest of natural curiosities. Although 
worker ants and female ants are merely forms of one sex — the 
female — yet in this sub-family of ants^ they have become so 
totally different from one another in size, form, structure, and 
habits that it is difficult to persuade oneself they can possibly 
issue from similar eggs. In the Insect world there are but few 
cases in which males differ from females so greatly as the 
workers of Dorylides do from the females, the phenomena finding 
their only parallel in the soldiers and females of Termites ; the 
mode in which tliis difference is introduced into the life of the 
individuals of one sex is unknown. The largest of all the 
Dorylides are the African Insects of the genus Bliogmus. Only 
the male is known. 
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The specimens of female Dorylides that have been detected may, 
after fifty or sixty years of research, be still counted on the fingers. 
As the greatest confusion exists in entomological literature 
owing to the forms of a single species having been described as 
two or three genera, the following summary of the principal 
names of genera of Dorylides may be useful : — 

Eciton — the workers, Lctbulus = male : ? unknown. 
Psmdodictliadia : female only known, possibly that of Eciton, 
Ohdiomyrmex : workers and soldiers only known. 

Aenictus = the male, Typhlatta — worker : unknown. 
Ehogmus : male ; female unknown. (According to Emery 
the worker is very small and like Akw'pond) 

Ano'imna: only worker known; male probably .a Dorylus. 
Dorylus = male ; Dictluidicc = 5 : Alaojpone and Tyj)Ulo 2 )one = 
workers. 

Sub-Fam. 6. Amblyoponides . — Abdomen destitute of distinct 
gmlicel ; the articulation behveen the first and second 
segments behind the true ^^etiole being broad. 

We follow Forel in separating Aniblyopone and a few allies 
from the Ponerides, because the abdominal pedicel is more 
imperfect than in any other ants. It is, 
indeed, very difficult to frame a definition 
that will include the Amblyoponides 
among ants, and at the same time sepa- 
rate Formicidae and Scoliidae. Forel con- 
siders the Amblyoponides to approach 
closely to certain divisions of the Scoliidae 
(Thynnides, e.g.). Little is known of tliese 
, Insects, though they are widely distri- 
buted. Amblyopone is found in Australia 
and FTew Zealand ; the allied genus 
Fig. 81.— worker. Etigmatomma has a wide distribution, 
occurring even in Europe. The social 
life is believed to be imperfect, and the habits subterranean and 
sedentary. The males and females are winged ; the latter much 
resemble the workers, which are nearly blind, and have a con- 
siderable general resemblance to Anomma in Dorylides. 

Association of Ants with other kinds of Insects.— We 
have already alluded to the fact that a few species of ants are 
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used by other species as attendants, and that the two kinds then 
live together quite amicably ; and we have also seen that a few 
ants live in association with other species on terms that are not 
yet understood. One little aiit, Forviicoxemcs niticluhis, lives 
only in the large nests of Formica rufa; these ants tolerate 
the little Formic oscenus, which so far as is known does them 
neither good nor harm. There are also a considerable number of 
species of small ants that are in the habit of choosing the neigh- 
bourhood of larger species for their dwelling-xdaces ; in some 
cases the nests are constructed actually within a portion of the 
edifice of tlie more powerful species, and the rule then appears 
to lie that these neighbours do not molest one another. Not- 
withstanding the militant lives that many of them lead, ants 
cannot he considered as of generally ferocious disposition. 

But the most remarkalde point in connection with their 
toleration consists in. the fact that the nests of many species are 
inhabited by quite a colony of foreign Insects of various Orders ; 
many of these, being found nowhere else, are spoken of as ants’- 
nest or Myrniecophilous Insects.^ The relations of ants with 
other Insects are of the most varied and complex character ; 
some of tlieir guests live with them on terms of the most intimate 
association, being indeed absolutely ^dependent for their existence 
on the good offices of their hosts ; others of the ants’-nest Insects 
are enemies, while others are neutral or indifferent to the ants. 
We have already mentioned that the guests migrate in company 
with tlieir hosts. 

Many species of ants derive a considerable portion of their 
sustenance from the sweet substances excreted by Aphidae. 
Ants may constantly be seen occupied with clusters of Aphidae, 
and it is said that the ingenious little creatures defend from 
enemies the manufacturers of the sweet-stuff they are so fond of, 
even going so far as to form barricades and covered places for the 
isolation and ]jrotection of this peculiar kind of cattle ; a few 
ants keep some of tlie root -feeding Aphidae in their nests. 
Ooccidae and other Homoptera, which also excrete much matter 
of a sugary nature, are likewise consorted with by ants ; as are 
also tlie larvae of some butterflies of the family Lycaenidae; 
these latter* being believed to furnish to the ants some substance 

^ A Catalogue of Myraieoopliilous and Termitopliilous Arthro2)ods was I)iib- 
lished by Wasmanii, Berlin 1894. ^ 
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of a nutritious kind. The Insects we have spoken of are, how- 
ever, rather of the nature of ant-cattle, and the fondness of the 
ants for them is not very remarkable. The relations of the ants 
to the peculiar species of Insects that live only in or around their 
nests are much more extraordinary. The greater number of these 
guests belong to the Order Coleoptera, and of these there are many 
hundreds — probably many thousands — of species that depend on 
ants for their existence. The family Pselaphidae furnishes a 
large nuni]:)er of ants'-nest beetles, and it appears probable that 
most of them excrete some 
sugary substance of which the 
ants are fond. Many of these 
Pselaphidae are of the most 
fantastic shapes, more especi- 
ally the members of tlie sub- 
family Clavigerides. But the 
most curious of all the anPs- 
nest beetles are the Paussidae, 
a family exclusively dependent on ants, and having the curious 
faculty, when disturbed, of bombarding — that is, of discharging 
a small quantity of vapour or liquid in a state of minute 
subdivision accompanied by a detonation. Many species of 
Stob'pliyliniclm are peculiar to ant’s-nests, and most of them are 
indifferent or inimical to their hosts, but some of them, such as 
Atem&Us (Fig. 82) and Lomechusa, are doubtless producers of sweet 
stuff that is liked by the ants. The ants feed some of their special 
favourites amongst these guests in the same manner as they feed 
one another, viz. by opening the mouth, causing a drop of liquid 
to appear on tlie lip, and remaining passive while the guest 
partakes of the proffered honm toucJhe. This way of giving food 
to other individuals is a most remarkable feature in the character 
of ants ; it is not the same system that they adopt in feeding the 
larvae, for they then make a series of actual movements, and 
force the nutriment into the mouths of the grubs. Besides the 
Insects we have mentioned there are also Orthoptera, Heniiptera, 
Poduridae and Thysani^ra, Acari, and small Isopod crustaceans 
that live exclusively in company with ants. We have mentioned 
that a few Hymenopterous and Dipterous parasites have been 
detected living at the expense of ants ; it is probable that 
closer observation of the ant larvae and pupae in their nests 



Fig. 82. — The beetle, AtcmeUs^ soliciting 
food from an aiit. (After Wasmann.) 
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will disclose a greater number of the parasites of this latter 
class. 

Much attention has been given to the relations between ants 
and their guests by Wasmann.^ He arranges them in four 
categories ; 1, Symphily ” for the true guests, which are fed and 
tended by the ants, the guests often affording some substance 
the ants delight in ; 2, “ Metochy,'' the class of tolerated guests, 
being so far as is known not disagreeable to the hosts ; 3, 
Synecthry,” including those Insects, etc., to which the ants 
are hostile, but which nevertheless maintain themselves in the 
midst of their foes ; 4, Parasites, dwelling in the bodies of the 
adult, or of the young ants. Many of these aiits’-nest Insects 
present a more or less perfect resemblance to the ants in one or 
more points, such as sculpture, colour, size, or form. To these 
resemblances Wasmann attaches great importance. We should, 
too, notice that some of the inquilines “ have become acquainted 
with the movements and habits of the ants, and stroke them (as 
the ants do one another) to induce them to disgorge food in the 
manner we have alluded to. According to Janet, ants of the 
genus Iccsius are infested by Acari of the genus Antennopliorus. 
The ants carry the mites, which assume positions so as not to 
cause greater inconvenience tlian is inevitable. Moreover, the 
ants give food to tlie mites when requested, and behave in a most 
obliging way to tliem, though there is not any reason for supposing 
that in this case the ants derive any benefit from tlie Symphily. 

The relations between ants and plants have been of late years 
much discussed. We have already briefly alluded to the subject 
wlien speaking of the Pseudomyrmini. We will here only rennmk 
that ants frequent plants not only for the purjmse of securing the 
sweet stuff excreted l)y the Aphidae tliat live on them, but also 
for the sake of getting the sweet products tlie plants themselves 
afford. Mr. Aitken, speaking of atits in India, says : I have 
come to the conclusion that one of the most important sources of 
food-supply which ants have is the sacchariferous glands to be 
found at the bases of so many leaves.” It is supposed that the 
ants are on the whole beneficial to the plants that thus afford them 
supply ; and this fact is considered by many to afford an adequate 
explanation of the existence of these interesting relations. 

^ ^ For a summary of this subject see W'asrnann, Conr/r. internal. Zoul. iii. 1896, 

pp. 4,11-440. For explanation of this term see voL v. p. 524. 
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Order V. Coleoptera. 

Ap2^armtly 'loinghss Imects when at rest, Imt really with four 
wings ; the elytra^ or anterior 'gcvlr, shell-lihe, rejposmg 
on the hack of the tody and fitted together axxurately 
along the middle hy a straight suture ; the fosterior pair 
memhranotis, folded together under the elytra. Mouth loith 
mandibles ; lower lip not divided along the middle. Mela- 
morphosis great and very abrupt ; the larva being « grub or 
maggot, which changes to dpupa (usually soft) in which the 
external structure of the perfect Insect is conspicuous. 

Coleoptera — or Beetles — are chiefly distinguished from other 
Insects by the solidity of their external integument, and by the 
peculiar nature of the first pair of their alar organs, which do 
not serve as instruments of flight, but as shells for protecting the 
upper face of the after-body, which, unlike the other parts, remains 
as a rule soft and membranous. These modifications of structure, 
though apparently slight, must be really extremely advantageous, 
for beetles are the predominant Order of Insects in the existing 
epoch. They depart from most other Insects in being less aerial in 
their habits ; therefore, notwithstanding their enormous numbers, 
they do not meet the eye so frequently as flies, bees, or butter- 
flies. The parts of the hard outer skeleton are beautifully 
fitted together, and as their modifications are easily appreciated 
they offer as fascinating a' subject for study as do the skeletons 
of Vertebra ta. The habits of beetles are so extremely varied 
that it is but little exaggeration to say that Coleoptera are to 
be found everywhere, when looked for. The number of species 
at present known is probably about 150,000. Of these some- 
where about 3300 have been found in Britain. The structure 
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of the hard parts of the skeleton is of importance, as the classi- 
fication of this enormous number of species is entirety based 
thereon ; it will be readily understood from the accompanying 
diagram (Fig. 83). The general proportions of the chief parts 
of the body call for a few remarks. The prothorax is remarkably 
free, and is therefore capable of a much greater amount of move-' 
meiit independent of the after-body than it is in other Insects. 
The mesotliorax is, on the other hand, much reduced ; its chief 
function in the higher forms is to support the elytra, and to 



Fig. 83. — Uiider-siirface of a "beetle, 
Ilmyahts caliginosus ; legs and 
antenna of one side, and some parts 
of tile mouth removed. A, an- 
tenna ; B, inaudible ; C, labriim ; 
D, ligula ; E, paraglossa ; F, labial 
palp ; Gr, inner lobe of maxilla ; 
H, outer lobe (palpiform) of 
maxilla ; I, maxillary palp ; K, 
mentum ; L, gena ; M, gula ; N, 
buccal fissure ; V, jilates of ven- 
tral segments. 1, Prosternum ; 
2, prosteriial episteriium ; 3, pro- 
sternal epiineron ; 4, anterior and 
middle coxal cavities ; 5, inflexed 
side of proiiotum ; 6, mesosternum ; 
7, mesosternal episteriium ; 8, 
rnesostenial epiineron ; 9, meta- 
sterniim ; 10, posterior division of 
metasternuni or ante-coxal piece ; 
11, metasteriial episteninm ; 12, 
metasteriial e}>imeron ; 13, epi- 
pleiiron or inflexed margin of ely- 
tron ; 14, ventral or ambulatory 
setae ; 15, trochanter ; 16, pos- 
terior coxa ; 17, femur ; 18, tibia ; 
19, tarsus. (Modified from Le- 
conte and Horn.) 


ludp) to keep them together by means of its scutellum. The 
mfitatliorax, on the contrary, is largely developed, except in the 
rattier numerous forms tliat are entirely deprived of powers of 
hi gilt. The composition of the abdomen has been a subject of 
gn^at difference of opinion. Its upper surface is usually entirely 
('ovcred l)y the elytra.; the parts visible on the lower surface are 
called ventral segments, and are usually live in numlier. Although 
these five jdates may constitute all that is superficially visible of 
the abdomen, yet if the elytra are taken off it is found that a larger 
niunher of segments — usually seven or eight — are visible on 
the dorsum. This seeming discrepancy of number between the 
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dorsal and ventral plates is due to two facts; 1, that the 
hind coxae have a great and complex development, so that they 
conceal the true base of the venter, which, moreover, remains 
membranous to a greater or less extent, and thus allows much 
mobility^ and at the same time a very accurate coadaptation 
between the hard parts of the venter and the metasternum ^ ; 2, 
that the terminal segments are withdrawn into the interior of 
the body, and are correspondingly much modified, the modifica- 
tion being greater in the case of the ventral than in that of the 
dorsal plates. The anatomy of the parts of the abdomen that 
are not externally visible has not been adequately studied by 
eoleopterists, but Verhoeff has inaugurated a careful study of 
the comparative anatomy of the terminal segments - ; unfor- 
tunately, however, he has not so thoroughly studied the modifi- 
cations at the base, and as it is not clear that these are so 
uniform as he has taken for granted, it is possible that his num- 
bering of the segments may have to be in some cases modified. 
The retracted plates or segments are so intimately connected 
with the internal copulatory organs that it is no easy matter to 
interpret them. For the nomenclature of these parts we must 
refer the student to Verhoelf’s later works. He considers the 
abdomen as composed of ten segments, the dorsal plates being 
demonstrable, while the tenth ventral plate is usually absent. 
The anal orifice is placed immediately beneath the tenth dorsal 
plate, and above the genital orifice, which lies behind and above 
the ninth ventral plate. Peytoureau admits a diversity in both 
the number of segments and the position of the orifice. These 
studies in comparative anatomy are surrounded with difficulties;^ 
and no morphological conclusions based on them can be con- 
sidered as final until they have been confirmed by observation 
of the development of the parts. 

The elytra — or wing-cases — frequently have a remarkable 
sculpture, the use of which is unknown. According to Hofbauer 
there are between the outer and inner layers, glands secreting a 

' ^ An interesting exception occurs in the Malacoderrnidae, where this coadaptation 
is wanting, or is imperfect ; they are frequently considered to be tlie most primitive 
of existing beetles. 

2 In a series of memoirs in various German periodicals during tbe last five or six 
years (see especially Deutsche ent. Zeit. 1893 and 1894, also subsequent years of 
Arch, Naturges.). It should be noticed that in the course of his studies Verhoeff 
lias modified some of his earlier views. 
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fluid that reaches the surface through small pores, Hicks sup- 
posed that he detected nerve cells. Meinert is of opinion that 
the elytra correspond to the tegulae of Hymenoptera rather than 
to the wings of other Insects, hut the little evidence that exists is 
not favourable to this view. The two elytra are usually, in repose, 
very perfectly fitted together by a complete coadaptation along the 
middle oF the body, so that it is difficult to separate them ; tliis 
line of junction is called the suture. There are forms in which 
the coadaptation is quite imperfect (Malacodermidae) and some 
in which it does not exist at all (Meloe). The wings proper of 
beetles correspond to the posterior pair in other Insects, and are 
much more irregular in nervuratioii than those of most other In- 
sects, correlative, it is supposed, with the folding they are subjected 
to in order to get them beneath the wing-cases. There are large 
numbers of species, genera, and groups of genera, all the members 
of which have the wings so much reduced in size as to be quite 
useless for purposes of flight. These forms are called apterous, 
though they are not really so, for the elytra (which are really 
the anterior wings) are present, and even the posterior wings 
are not truly absent in these cases, though they are sometimes 
so extremely rudimentary as to elude all but the most careful 
observation. The number of forms in which the elytra are 
absent is extremely small ; this condition occurs only in the 
female sex ; it is usually confined to cases in which the female 
is larva-like in form ; but in the extraordinary Mediterranean 
Lamellicorn genus, Pachyjous, the females are destitute of wings 
and elytra, though the anterior parts of the body are normally 
formed : these individuals live underground and rarely or never 
emerge. When the wings are absent the elytra are frequently 
soldered ; that is to say, united together along the suture by some 
sort of secondary exudation ; this union occurs in every degree of 
firmness, and appears to be variable in the individuals of one 
species ; probably in accordance with the age of the individual. 
In most beetles the elytra are not only themselves closely con- 
nected, but are also very accurately coadapted with the sides of 
the body, except at the tip. Sometimes a coadaptation occurs 
between the tips of the elytra and the body, but not at the tip of 
the latter. In such cases one or more dorsal plates are left ex- 
posed : the last of such exposed dorsal plates is termed pygidium ; 
a similar plate anterior to the pygidium is called propygidium. 





Larvae. — Owing to the difficTilty of rearing Coleoptera, less 
is perhaps known of their life-histories than of those of other 
Insects. They exhibit, however, extreme diversity correhitive 
with the great specialisation of so many beetles to particular 
kinds of life. Most beetles must have exactly the right condi- 
tions to live in. The larvae of many forms are known. They 
are composed of a head, three thoracic segments (usually very 
distinct), and a number of abdominal segments varying from eight 
to ten. Coleopterous larvae are usually described as having nine 
abdominal segments ; and it is but rarely that ten can be readily 
detected ; they are, however, visible in various forms, as is the 
case in the form figured (Fig. 84). A great many of them 
possess a peculiar pseiidopod at the underside of tlie body near 
or at the extremity ; it can in many cases be entirely retracted 
into the body, and is generally described as being the pro- 
truded termination of the ali- 
mentary canal. Inspection of a 
series of larvae shows that it 
represents a body segment: it is 

Fig. 84.— Larva of a beetle, Family sometimes armed with liooks. 
Cerambycidae [%Aromm moschata), rni. • o n ^ 

The first spiracle is placed just at the Three pairs of Small tlioracic legs 

hind margin of the large prothoracic- are often present, but are vcry 
segment. {From La Massaue.) i i 

often completely aijsent. J. hcse 
thoracic legs may be present in the young larva, but not in the 
older (Bruchus). The usual number of spiracles is nine pairs, 
one prothoracic, eight abdominal; but this is siibjeet to many 
exceptions, and mesothoracic and metathoracic stigmata are occa- 
sionally found. The figures we give in the following pages will 
enable the student to form some idea of the variety of form 
exhibited by beetle larvae. 

Pupation usually takes place in a cavity in the earth, or 
near the feeding-place, hut a great many species form a cocoon, 
composed either of fragments of earth or of wood, and slightly 
cemented together. A few suspend themselves by the tail after 
the manner of butterfly caterpillars (Cassididae, Coccinellidae). 
The pupae are usually extremely soft, their appendages not 
being fastened to the body. But some pupae (Staphylirhdes) 
are truly obtected, having a hard shell and the rudimentary 
appendages fastened by exudation to the body, like ‘ Lepi- 
dopterous pupae, and others (Coccinellidae) are intermediate 
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between this state and the normal soft pupa. The pupal state 
lasts Imt a shoit tinie^ from one to three weeks being the usual 
period. The perfect Insect is at first soft and almost colourless, 
and it is often some days before it attains its complete coloration 
and hardness. 

Classification. — Owing to the hardness of the skeleton, beetles 
shrivel but little after death, so that the form and relations of 
the various sclerites can usually be detected with ease. These 
sclerites seem to be remarkably constant (except in the case of 
sexual distinctions) within the limits of each species, and are 
very useful for the formation of genera and groups of genera ; 
but they vary so much outside the limits mentioned that it is 
very difficult to make use of them for defining the larger groups. 
Hence it is not easy to frame accurate definitions of the 
families, and still less so to arrange these families in more com- 
prehensive series. The natural difficulty has been much increased 
by the habit coleopterists have of framing their definitions 
on what is visible without the aid of dissection. ISTevertheless 
considerable j^rogress has been made. We are obliged at present 
to adopt upwards of eighty families ; and we are able to dis- 
tinguish on positive characters five series; this leaves a large 
number of forms still unclassified, and these we have here 
associated as a sixth series, which we have called Coleoptera Poly- 
niorpha. This series corresponds with the two series called in 
books Olavicornia and Serricornia. As it is admitted to be 
impossible to define these two series, we think it much better to 
act accordingly, and to establish for the present a great group 
that can only be characterised by the fact that its members do 
not belong to any of the other five series. No doubt a larger 
knowledge of development, coupled with the advance of com- 
j)arative anatomy, will ultimately bring about a better state of 
affairs. The Strepsiptera, with one family Stylopidae, are only 
provisionally included among the Coleoptera. These six' series 
are fairly equal as regards extent. Though the Polymorpha 
includes the larger number of forms, yet a large part of them 
belong to four great families (Staphylinidae, Buprestidae, Elat- 
eridae, Malacodermidae), which are easily recognisable, so that 
the number of unmanageable forms is not really great. Indeed, 
an acquaintance with the external anatomy of two or three 
dozen species, selected as typical, would enable a student to classify 
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with tolerable certainty the vast majority of species that lie 
would subsequently meet with. 

Series 1. Lamellicornia. — ^Antennae with the terminal joints leaf-like (or 
broader than the others, if not actually leaf-like), and cajDahle of 
separation and of accurate apposition. Tarsi five-jointed. 

Series 2. Ade^pliaga — (Garahoidea, of some authors). — Antennae never lamelli- 
form, thin at the end ; all the tarsi tive-jointed, with the foin-th 
joint quite distinct. Maxillae highly develojoed, with the outer 
lohe slender and divided into two segments so as to be |»alpiform. 
Abdomen Avith six (or more) ventral segments visible. 

Series 3. Pohjmorpha. — Antennae frequently with either a clul), i.e. the 
distal joints broader [Clavicorn series of authors], or tlie joints from 
the third on Avards more or less saA\^-like, the sermtioiis being on the 
inner face [Serricorn series of authors]; but these and all the other 
characters, including the number of joints in the feet, very varial)le. 
Series 4. Heteromem. — Front and middle tarsi five-jointed, liind tarsi four- 
jointed. Other characters very varialde. 

Series 5. Phytophaga. — Tarsi four-jointed [apparently], Init with a small addi- 
tional joint at the base of the fourth joint : sole usually densely 
pubescent [sometimes the feet are bare beneatli or bristly, and 
occasionally the small joint at the base of the fourth joint is more 
distinct]. 

Series 6‘. Ehynchophora. — Head prolonged in front to form a lieak ; gula 
indistinguishable. [Palpi usually not evident.] Tp'si foxir-jointed 
[apparently], but with a A^ery minute additional joint at the 
extreme l;>ase of the fourth joint. 

Strepsiptera (see p. 298). 

The first and second series, with much of the third, form tlie 
Pentamera, the fifth and sixth the Tetramera [or Pseudotetra- 
mera^]. The term Isomera was applied by Leconte and Horn 
to a combination of series 1, 2, 3, and 5. 

Series I. Lamellicornia. 

Tarsi fire-jointed ; antennae with the terminal joints {usually three, 
sometimes more), broader on one side, so as to form a peculiar 
club, the leaves of which are movable, and in repose are 
more or less perfectly coadapted so as to have tlie appextrance 
of being but one piece. 

This series includes three families, Passalidae, Lucanidae, and 
Scarabaeidae ; the latter includes an enormous majority of the 
species, and in them the structure of the antennae characteristic 
'of the series is well developed ; bnt in the other two families 

^ We consider this term inferior to Tetramera for nomenclatorial piirpose.s. 
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the form of tlie antennae is not so widely different from that of 
other Coleoptera. The larvae live on decaying vegetahle matter, 
roots or dung. They 
have three pairs of 
legs, and are’ thick 
clumsy grubs with 
curved bodies, the 
last two segments 
being of larger size 
than usual. Many of 
them possess organs 
of strid Illation, and 
the structure of their 
spiracles is very 
peculiar, each one 
being more or less 
completely sur- 
rounded by a chitin- 
ous plate. The 
spiracles usually form 
a system entirely 
closed^ except at the 
moment when the 
skin is shed and the tracheal exuviae are detached. Meinert ^ 
considers these spiracles to be organs of hearing. The life of the 
larvae is parsed undei'ground or in the decaying wood on which 
the Insect feeds. 

Most of the members of this series are remarkable on account 
of the great concentration of the nerve-centres. This is extreme 
in Rhizotrogus, where there are only two great ganglia, viz. the 
supra-oesophageal and a great ganglion situate in the thorax, 
and consisting of the conjoined infra-oesophageal, thoracic, and 
abdominal ganglia. According to Brandt^ there are several 
distinct forms of concentration in the series ; the Lucanidae only 
participate in it to the extent that the perfect Insects exhibit 
fewer ganglia than the larvae ; the latter possess two cephalic, 
three thoracic, and eight abdominal ganglia, while the perfect 
Insect has the abdominal ganglia reduced in number to six, and 



Fig. 85. — Antennae of Lamellicorns. 1, Ncleus ioiter- 
rnptus; 2, Lucawis cervus c5; 3, Phmiacus sjden- 
didnlus ? ; 4, Fhilewrus dulymus 9 ; 5, Polyphylla 
fullo (J. 


^ Danske SehJc. Skr. (6), viii. Ko. 1, 1895. 
- Iforae Soc. ent. Moss. xiv. 1879, p. 15. 
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they are placed partially in the thorax. The diminution in 
number takes place in this case by the amalgamation of the first 
two abdominal with the last thoracic ganglia. 

Fam.'l. Passalidae. — Lahrum large, mohile ; mentum (leei)hf 
.cut out in the middle for the accommodation of the ligula ; the 
lamellae of the antenna hrought together by the curling up of the 
antenna. The elytra entirely cover the dorsal surface of the abdo- 
men. There are four or five hundred species of this hxmily known ; 
they are usually shining-black, unattractive beetles, of- large size, 



Fig. 86. — View of one 
side of ineso- and 
metcdthorax of a 
Passalid larva from 
Borneo sliowing the 
stridiilatiiig organs. 
a, Portions of the 
nietatliorax ; c, coxa 
of 2nd leg ; d, striate 
or stridulatiiig area 
thereon ; c, hasal 
part of fetnur of 
middle leg ; /, hairs 
with chitinons pro- 
cess at base of each ; 
g, the diminutive 
3rd leg modified 
for scjratching the 
striated area, x 20. 


and ai'e abundant in the decaying wood of tropical forests. They 
are quite absent from Europe, and there is only one species in 
the United States of North America. The larvae are very 
interesting, from the fact that they appear to have only four legs. 
Tliis arises from the posterior pair being present only as very 
short processes, the function of which is to scrape striated areas on 
the preceding pair of legs and so produce sound. In the species 
figured (Fig. <S6) this short leg is a paw-like structure, hearing 
several hard digits ; but in other species it is more simple, and 
without tlie digits. The perfect Insect has also sound-producing 
organs, and Ohaus has suggested the reason why the larvae are 
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provided with highly - developed str idiila-toiy struct iires. 'No 
auditory organ is known, unless the peculiar spiracles be 
such. ' 

Fam. 2. Lucanidae {Ntag-hecMrN), — -Lnhriun, infUd Inc t, fixed ; 
mentum not excisod ; antennae not eu/rled repose^ nritli Ind hitle 
coada/jrtaMon of the terminal joints ; the elytra, entirely cMxer the 
dorsal surface of the abdomen. The Stag-beetles are well kiiowii 
on account of the extraordinary development of the niaiidiblcs in 
the male sex, these organs being in some cases nearly as long as 
the whole of the rest of the Insect, and armed with projections 
or teetli that give the Insects a most formidable appearance. So 
far as we have been able to discover, thesis structures a, re put to 
very little use, and in many cases are not capable of being of 
service even as weapons of offence. The males m*e usually 
very much larger tlian the females, and are reinaikable on 
account of the great variation in the stature of different indi- 
viduals of tlie same species; correlative with thescidistinctions 
of individual size we find extreme differences in the development 
of the head and mandibles. Moreover, the small male specimens 
exhibit not rnerc^ly reductions in tlu‘, size of the mandibles, but also 
show considerable differences in the form of tliese parts, due, 
in some cases, apxjarently to the fact tluit only wlien a certain 

Imigtli of the mandible 
is attaiiHMl is there any 
development of certain 
of the minor juojcc- 
tioiis ; in othc‘.r cases it 
is not ])ossible to adopt 
this vi(‘Av, as the small 
mandi])les l)ear a.s many 
projections as the birge 
forms do, or even more. 
1 n each species these 
va,riations fall, in tlie 
majority of cases, into distinct states, so that entomologists d 0 scril)e 
them as “ forms,” the largest developments being called teleodont, 
the smallest priodont ; the terms mesodont and amphiodont being 
applied to intermedia, te states. Leuthner, who has examined many 
specimens, states tliat in OdontolaMs sine/nsu, no intermediates 
between the teleodont and mesodont forms occur, and as the 



r. 87. — Head and jirotliorax of Ibrm.s of the iiualo ol' 
a .stag-beetle ; llamocodenc^ meZlyi (Africa). A, 
Large, B., iiiteruiediate, C, small forms. (From a 
photograph by li. Oberthiii’.) 
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two forms < 11*0 very differout tliey uro liid)l(i to he mistaJceii for 
distinct species. 

There are at ^present between 500 and GOO species of sta^^.. 
l)eetles known ; tlie Tndo-]Malaya,n and Anstro-Malayaiu re.<>‘ions " 
being richest iii them. Australia possesses many remarkable 
and aberrant I'orins. In the Ceratogiuithini — a, group well i*e- 

presBiited in Xe-w Zealand as w(dl as 
ill Australia — tlu^ structure of tin* 
aaitennae is like that of the Scara,- 
ba.eidae, rather than of th(‘. Luca- 
iiidae. The most aberrant iV)rm 
known is, however, our coinmon 
^%rw(leiulrim cylindricuvi ; tliis de- 
parts ill numerous features from 
otlier Lucanidae, and instejid of 
the mandibles of tlie male being 
more largely developed, tlierei is a 
liorn on tlie head; it is very 
doubtful whether this Insect should be allowed to remain in 
the lamily. Little is known of the haliits and devclopinent of 
Lucanidie, except in the case of three or four s])ecies that are 
common in Europe. 



Fio. 88. — S!no(f(‘ii(lrinf ri//i/uh’iri/ni. 
A, Larva ; B, pupa. New Forest. 


Tlie common stag-beetle, LiirannH cerm/s, is our largest British 
beetle. The larva much resemlles that of MeJolmitha vulgaris, 
but attains a larger size, and tlie anal aperture is placed longitu- 
dinally instead of transversely ; it lives in detaiying wood, or eats 
the roots of trees without heiiig iiijiiri()us ; its lifr^ in this state 
lasts a]>oiit four years ; the pupal jxuiod is pa,sse(l thianigli rapidly, 
and the perfect Insect may remain for months underground 
before it becomes active; tliis occurs in June aaid July. This 
larva stridulates by scraping certain liard tu})er(!ular ridges on 
the third pair of h*gs, over a specially adapted rough area at the 
l)ase of tlie se(;ond pair. 

The Passalidae and Lucanidae are united liy some authorities 
as a group called Bectinicoriiia ; the term La,mellicomia being 
then confined to the Scarabaeidae. Th(i Passalidae appear, liow- 
ever, to he really more nearly alli(*d to tlui Scarahaeidae than to 
the Lucanidae. 


Fam. 3. Scarabaeidae {(differs). Th.o Ivdjhts of the (tnUmim 
are weM coackqded, arid arc suseeptll/le of se2)aration. The elytra 
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‘Usually leave the i)yijiclvum ‘unrovered. The uaviher of visible 
■ventral seyments is usmlly six, or at t/ie skies seven, not five, as in 
Jymanickte amd ITssalidae. This is one of the most important 
families of Insects. About 13,000 species are already known; 
as some of tlieiii are higlily remarkable creatures on account of 
the males being a,rmed with horns, they are figured in many 
works on natural liistory. Tliere is great variety of form, and 
the following five sul)~fahiilies may be adopted, though authorities 
are by no means agreed as to the classification of this extensive 
family, which, moreover, he it remarked, is increasing by the dis- 
covery of a])Out 300 neAv species every year. 

Alidoniiiial .spiracRts ])laeed in a line «ni tlie connectiiig meinl)rane,s, and en- 
tirely covered l)y tlie wing-cases (Laj^arosticti). Siilvfain. 1. Coprides.^ 
Aljdoiuinal spiracles placed almost in a line, but only the l)asal three on the 
(connecting ineinln-anes ; the tmaniiial one usually not covered by the 
wing-cases. Sulc-fani. 2. Melolonthides. 

AI)doniinal sjuraccles ])laced in two lines, the hasal three on the connecting 
nienihraiKts, the others on the ventral segments (Pleiirosticti). 

Tlie claws of the tarsi unecpial. Siih-fain. 3. Rutelides. 

The (‘.laws of tlac tarsi ecpuil ; l.he iront co.xae transverse, hnt little j^ro- 
niinent in the descending axis. Sub-fain. 4. Dyxastides. 

The ('.law’s of tlui tarsi ecpial ; the front (coxae more prominent, shorter 
transversely. Suh-fani. 5. Cetoniides. 

i. Idle (JoPiiiDES form an immense gvouj) of about 5000 species ; 
they differ somewliat in habits from other Larnellicorns, inasmuch 
as most of them live on dung, or decaying animal matter ; the 
sub-family connects with the Lucanidae, so far as superficial char- 
acters go, by nucans of two of its groups, Trogini and Jiicagini, 
the latter lieing very near to the Geratognathini in Lucanidae. 
So little is known as to the morphology and development of 
these groups that it is not ju^ssible to pronounce an opinion as 
to the validity of this apjparent alliance. Trow stridulates by 
riililiing two raised lines on the penultimate dorsal segment 
across two striate ribs on tlie inner face of the elytra ; Geotrupes, 
on the other liand, produces an audible sound by ru];)bing together 
a file on the jiosterior coxa and a fine ridge on the contiguous 
ventral segment. The larva in this genus has a different organ 

^ In tins Hub-fainily tluire arc; numerous forms in which the elytra cover the 
pygidium, and iii which the number of conspicuous ventral segments is reduced to 
liV(i or cvciii four. Wbc use the term Coprides as e(iuivalent to tlie “ Laparosticti ” 
of Lacordaiio (Oen. Col. iii. 1856) ; it thus includes the ^^Coprini” and '‘Glapliy- 
rini ” of the Catcdogus Coleo'pterorwm, vol. iv. Munich, 1869. 


196 


COLEOPTERA 


CliAP. 


for stridubition from the imago ; it is placed on the second and 
third pairs of legs, the latter pair being much reduced in size. 

The most interesting division of the Coprides is the group 
Scarabaeini. ISTo nieniher of this group inhabits the British 
islands, Init in Southern Europe, and in still wanner lands, these 
Insects are well known from the curious habit many of the species 
have of rolling about balls of dung and earth. The long hind 
legs are chiefly used for this purpose, and it is on the peculiar 
structure of these limbs that the group has been estal)lished. 
Many of the stone Scarabaei found in Egyptian tombs represent 
some kind of Scarabaeini, and it has been said that the ancient 
Egyptians looked on tlu\se Insects as sacred ])ecause of tlieir 
movements. These must certainly appear very strange to those 
who see them and are unacquainted with their object. It is 
stated that the dwellers in the valley of the Nile thought the 
actions of these Insects, when rolling their balls, were typical of 
the planetary and lunar revolutions ; and that tlie sudden 
a,ppearance of the beetles after a period of complete absence was 
emblemn-tic of a future life. Many accounts Iiave l)een given 
of the liaJhts of mem))ers of this group, hut according to Eabre 
all are more or less erroneous ; and he has descril)ed the luibits 
and life-history of Scarahcmis sacer (Eig. 89), as observed l)y liim 
in Soiitlieru Erauce. These Insects act the part of scavengers by 
breaking up and burying the droppings of cattle and other 
animals. Tlie female Scanchaeus detaches a portion of tlie dung 
a, ml forms it into a hall, sometimes as large as tlie fist ; this it 
rrdls along hy means of its hind legs, hy pushing when necessary 
with its broad head, or I)y walking backwards and dragging the 
Imll with its front legs. The strength and ])atience dis])laye(l hy 
the creature in the execution of this task are adiniralile. Fre- 
quently the owner of this small splierical property is joined, so 
Fabre informs us, l)y a friend, who is usually of the same sex and 
assists lier in pushing along tlie Ijall till a siiitalde place is reached. 
When this is attained, the owner commences to excavate a cliarnher 
for the reception of the ball ; sometimes the false friend takes ad- 
vantage of th(i opportunity tlnis offered and carries off the liall 
for lier own use. Should no disappointment of this sort occur, the 
a(*c()mplishes the burying of tlie ])all in its subterranean 
chamber, and acconqianies it for the purpose of devouring it; the 
feast is continued without intermission till the food is entirely 



V 


LA \J V. I J JCO R N T A — CO I ' R T D KS 


J97 


exluiiiated, wlien tlu- ^^rarffharns so(dvs a rrc'sli stores oi' ])r() vender 
to ])e treated in a siniila.v manner. iVeeoi'ding to M. d'aljres 
account tlie.se events occur in the spring’ of tlte year, a.iid wlieii 
tlie hot weatlier sets in the Scarahaeus passes through a ])eriod <»1‘ 
quiescence, emerging again in the autuinn to reconimence, its 
labours, which are now, however, directed inii.nedia,telj to the con- 
tinuance of the species ; a la.rger subterranean clianiljcn* is fornied, 
and to this retreat tlie beetle carries dung till it ha,s accunudated 
a mass of the size of a 
moderate apple ; this mate- 
rial is carefully arranged, 
previous to the laying 
of tlie egg, in such a 
manner tliat the grub to 
be hatched from the egg 
shall find the softest a.nd 
most nutritive portions 
close to it, while the 
coarser and more innii- 
tritious parts are arrang(*.d 
so a,s to 1.)(‘. ri'aclnul liy tlie 
grub only after it has 
acquired some strength ; 
lastly, a still more deli- 
cate and nutritive pastcj 
is prepared l:)y the mother 
beietle for a first meal for 
the newly -hatched grub, 

])y some of the food.lieing 
submitted to a partial digestion in lier organs ; finally, tbo egg 
is deposited in the selected spot, and th(‘. chamlier closed. (Jertain 
of the Coprid(is exhilnt, according to Fahi'e, some extremely 
exceptional fc^atiires in tlieir life-liistories. Idle mother, instead 
of dying after oviposition, survives, and sc^es the growth of lier 
young to the perfect state, and tlien produces another generation. 
No sinrilar case can be pointed out in Inseets, except in the Social 
kinds; but from these the Coprides observed by Fabre differ pro- 
foundly, inasmuch as the number of eggs produced by the raotlier 
is extremely small ; Copris hispanus, for instance, producing in 
each of its acts of oviposition only one, two, or three eggs. 
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ii. The Melolonthides are pro])a,l:)ly a,lniost as iiuuieroiis a,s tlai 
Copricles, some 4000 species beiii^g already known. Tlie, Lirvae 
are believed to feed chieHy on ro(jts. ALelolonllut rnhjaris, the 
common cockchafer, is very abundant in some parts of Europe, 
and owing to this and to the great damage it causes, lias attracted 
much attention. The memoir by Straus-1) urckheim ^ on its 
anatomy is one of the classical works of Entomology. This In- 
sect is so injurious in some parts of France tliat money is paid 
by the local authorities for its destruction. M. Eeiset informs 
us tliat under this arramgement 867,173,000 perfect cockchafers, 
and 647,000,000 larvae were destroyed in tlie S(‘ine-inferieure 
in the four years from the middle of 1866 to 1870. Unlike 
the Coprides, the larval life in Alelolonthides is prolonged, and 
tliat of the imago is of brief duration. In Central Europe the 
life-cycle of the individual in If. ‘vuhjaris occupies three years, 
though in dry periods it may l.)e extended to four years. In 
Scandinavia the time occupied by the development appears to be 
usually five years. The fertile female enters tlie ground and 
deposits its eggs in two or three successive liatches of aliout 
fifteen each. The eggs swell as the development of the enduyo 
progresses ; tlie larva emerges about five weeks after the eggs 
liave been deposited, and is of relatively large size. When 
young the larvae can straighten themselves out and crawl, but 
when older they lose this power, and when aliove ground rest 
helplessly on their sides. In the winter they descend deeply 
into the earth to protect themselves from frost. The pupa 
state lasts only a few days, but after the hnal transformation the 
perfect Insect may remain motionless for as much as eiglit 
months underground before commencing its active life in the air." 
In the perfect state the Insect is sometimes irijurious from the 
large quantity of foliage it destroys. Scliiodte ^ considered tliat 
these larvae (and thof^e of numerous other Searabaeidae) stridu- 
late by rubbing certain projections on the stipes of tlie maxilla 
against the under-surface of the mandible, d'hese surfaces appear 
however, but little adapted for the purpose of jirodueing sound. 

iii. The Eutelides number about 1500 species ; there are many 

^ Qonsiddrahons gendrales sur V anatomic co7npar^e des cmimmix articMUs, etc., 
Paris 1828, 4tb. xix. and 435 pp., and Atlas of ten (xx.) plates, and 3G pp. 

- Easpail, M6m. soc. zool. France, vi. 1893, pp. 202*213. 

^ A'nn. soc. cnt. France, (v.) iv. 1874, p. 39. 
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liFSocts of meljillic colours u,iiioiigsL them, 1)iit vci-}^ Iitl<l(! 

is known as to tlicir liic-liistories. The larvae <i,rc very niueh 
like tlioa(i of Mcloloiit hides. 

iv. The Dynastides are tlie smallest division in iuinil)er of 
species, there l.)eing scarcely 1000 known; ])ut amongst tlnmi 
we find in the genera IhpiaMes and Mc(j(mytna some of thc‘. 
largest of existing Insects. The horns and projections on the 
lieads and prothoraces of some of the males of these Insects a.re 
truly extraordinary, and it does not appear* possible to explain 
tlieir existence l)y any use they are to their possessors, ''.fhese 
structures are l)ut little usc3(l for fighting. Ikiron von Iliigcl 
informs tlie writer tliat in Ja.va he ha,s observed hog(3 numbers 
of XylotT(( 2 )es (julmn; lie noticed that the males sonudrnK^s carry 
the females liy the aid of tlieir horns ; ])ut tliis must be an excep- 
tional case, for the sliapo of these instruments, in the majority of 
Dynastides, would not allow of tlieir being put to this use. Tlie 
development of these horns varies greatly in most of the species, 
luit he did not find that the females exhiliited a,ny ])referenec for 
the highly armed males. The fact that the males are very mnch 
larger than the females, and that the armature is usually con lined 
to them, suggests, however, tluit some sexual rea,soii (ixists for thes(‘, 
remarkalile projections. Many Dynastides possess oigans ol* sti’idu- 
lation, consisting of lines of sculpture placed so as to form 011(3 or 
two bands on the middle of the propygidiiim, and Tirought into 
play by lieing rulihed liy the extremities of the wing-cases. I'his 
a,pparatiis is of a less pt^rfect nature than the striicturtis lor the 
same purpose found in numerous other beetles. We have no 
member of tliis sul>-fVimily in Dritain, and tliere are scarcely a. 
dozen in all Europe. Decaying v(3geta-l ile matter is be]i(3ved to 
be the nutriment of Dynastides. The European (hyrtes miHvurnvlH 
is sometimes found in numbers in sjient tan. The growth and 
development of the individual is believed to be but slow. 

V. The Cktokhdes are renowned for tlie beauty of th(‘ir colours 
and the elegance of their forms; hence they are a favourite 
group, and alioiit IGOO species have been catalogued. I'liey ai.‘e 
specially fond of warm r(‘gioiis, hut it is a peculiarity of the 
sub-family that a large ma-jority of the species are found in the 
Old World ; South America is inexplicably poor in these Insects, 
notwithstanding its extensive forests. In this sub-family tlie 
mode of tliglit is peculiar; the elytra do not ext(3nd down tin*, 
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sides of the body, so that, if they are elevated e, little, the wings 
can be protruded. This is the mode of flight a.dopted by most 
Cetoiiiides, but the members of tlie group Trichiini lly in tlie 
usual manner. In Britain we have only four kinds of Cetoiiiides ; 
they are called Eose-cliafers. The larvae of C. florkola a,nd some 
other species live in ants’ nests made of vegetalile refuse, and it 
is said that they eat the ants’ progeny. Two hlorth American 
species of Enplioria have similar habits. The group Cremasto- 
chilini includes numerous peculiar Insects that appai-ently ha\'e 
still closer relations with ants. Most of them are very aberrant 
as well as rare forms, and it has been several times oliserved in 
J^orth America that species of CkeAnmt(u‘Jdlus not only live in 
the nests of the ants, but are forcibly detained therein by the 
owners, who clearly derive some kind of satisfaction from the 
companionship of the beetles. The species of the genus Lornap- 
tera stridulate in a peculiar manner, by rubbing the edges of the 
hind femora over a striate area on the ventral segments. 


Series II Adephaga or Caraboidea. 

All the tarsi five-jointed ; antenma^filiforjn ,^ vvf/rb/ so ; mouth- 
parts highly develo2)ed, the outer lohe of the 'niaxUld nearly 
always divided into a two-jointed palpus ; supports of the 
labial palpi develop)ed as joints of the palpi, a.nd in soyne 
cases approximate a,t their bases. Abdomen with the eaposed 
segments one more in number at the sides than along the 
middle, the niinibev being usually jive along th e middle, six 
at each side. 

This extensive series includes the tiger-lieetles, ground-beetles, 
and true water - beetles ; it consists of six iamilies, and forms 
a natural assemblage. It is sometimes called Carnivora or 
Bilicornia. The exceptions to the characters we have numtioned 
are but few. The supports of the lalflal paljri are frecpuently 
covered by the nientum, and then the paljh appear three-jointed ; 
but when the joint-like palpiger is not covered these palps appear 
four-jointed. As a rule, approximation of these supports is indica- 
tive of high development. In some of the lower forms the tropld 
remain at a lower stage of development than is usual. This is 
especially the case with the genus Amphizoa.., whicli forms of 
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itsolf tlu‘. fjuiiily Aiiipliizoidjir. Tli(‘. I >oni1)a.rdio.r"l)(‘etl(‘s nuikc, :ui 
(3XC0ptioii us r(‘.gurds tlie abdoininal stvructims for in soiik^ of thoni 
no l(3ss than eight sf^gnients are visi])le, eitlun; along the middle 
line or at the sides of the venter. In Hydroporides ‘(one of tlie 
divisions of Dytiscidae) the IVont and middle feet liave ea-cli only 
hjur joints. Many naturalists unite the (lyrinidae with tlu*. 
Adephaga, and a few also associate with tliern the Paussida,e and 
Rhyssodidae ; hut we think it better at present to exclude a, 11 
these, tliough we believe that both Paussidae and Rhyssodidae 
will idtiniately Ije assigned to. the series. The hirvae are usually 
very active, and have a higher development of the Itg’s than is 
usual in this Order. Their tarsi possess two claws. 

Fam. 4. Cicindelidae (Ti(jer-heetlrs). — Cly'i^'us extending 
laUndly hi front of the insertion of the antennae. Lower Ivj) with 
the 'jmlyri usmlly yreMiy developed., hut with the. liytda. and pa.ra- 
glossae very much reduced, of tern sca/rcely to he dsteeted. itaxillae 
with the oaUr lobe forrniny a twofomtcAl palp} the inner lobe 
edoriga-te, fimiished at the tip vnth a hooh-like process, which is 
usually (triicAdedecl hy a joint vnth the lohe itself. The tigcu-beetles 
are very active Insects, running with (extreme spe(Ml, and some- 
times flying in a similar manner; tluiy arc*, all predaceous, and 
amongst the most voracious and licut'e of the ca,riii vorous beetles, 
so that tliey well deserve their name. Bates, spealdng of the 
Amazonian Meyacephala, says their powers of running excieed 
anything I have ever observed in this style of Insect locomotion ; 
they run in a serpentine coursci ov(3r tli(3 smootli sand, and when 
closely pursued ])y tlie hand tliey a, re a.pt to turn suddenly liack 
and thus bailie tlie most practised hand and eye.'’ He further 
says that tlie species he ol)served (being of diverse colours) 
agreed in colour with the general colours of the “ locale tliey 
inhabit.” Tflie larvae of Cicindelidae live in deep burrows, Binlc- 
ing more or less vertically into tlie ground, and in these tliey 
take up a peculiar position, for which their sliapc is specially 
adapted ; the head and prothorax are liroad, tlie rest of the body 
slender, the fifth segment of the abdomen is furnished on the 
back with a pair of strong hooks ; the ocelli on the sides of the 
head are very iierfect. Supporting itself at the top of tlie burrow 
by means of these hooks and of its terminal tube, the larva blocks 
the mouth of the burrow with its large head and prothorax, and 

^ 111 Tlioratidus this outer lobe is in a rudiiiicntary state, lik(j a seta. 
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in bins position waits for its prej. Tills consists of Insects that 
may alight on the spot or rim over it. A¥hen an Insect ventures 
within reach, the head of the larva is thrown back witli a rapid 
jerk, the prey is seized liy the long sharp mandibles, dragged to 
the l^ottom of the burrow and devoured. The burrows are often 
more than a foot deep, and are said to be excavated by the larva 
itself, wliich carries up the earth on the sliovel-like upper surface 
of its head. The female tiger-lieetle is endowed with powerful 
and elongate excavating instruments at the termination of the 
body, and it is probable that wlien placing the egg in the earth 

t she facilitates the future opera- 

^ tioiis of the larva ])y forming 

Jj, jT the outlines of the Imrrow. Ex- 

f \ tremely few hirvae of Cicin- 

.delidae a, re known, hut tliey all 

{ exhibit the typ(‘- of structure 

lir I Eiontioned aliove, and apparently 

i similar lialrits. Our little 

/ -Jy/ \ ' Cic/indda, most of which 

I \ / \ a, re so active on tlie wing, agree 

\ ^ (L these respects with tlu*. African 

/ B \ species ol MmMcora, which are 

!' \ entirely apterous, and are the 

nn n- • i r i >7 -n • hiigest of tlic Oiciiidelidae. Per- 

Ftg. 90, — (hcmiUla hyhrida. Bntani. , ® 

A, L'u-va (after Sciiiodte) ; B, imago, iugiiey fouud a breediiig-ground 

of M. f/Hherculata near Kimberley ; 
tlie larvae were living in tluT usual (Jicindelid manner; but the 
ground was so hard that he w'as not able to investigate the 
burrows, and there were but few Insects that coidd servii as food 
in the neiglibourhood. 

The Ciciiidelidae, although one of tlie smaller families of Cole- 
o[)tera, now number about 1400 species; of these about one-half 
belong to the great genus Cidndela, to which our four llritish 
rexu'escntatives of the Cicindelidae are all assigned, dliere is no 
general work of much consequence on this important family, and 
its classification is not thoroughly establislied.^ 

Tiger-beetles display considerable variety of structure, e8i)ecially 
as regards the mouth, which exhibits very remarkable d(welo|)- 

^ The fir.st portion of a classification of Cicindelidae hy Dr. Walther Horn, 
Jii’ViaUjio (hr (HciiuivMdcn^ Berlin, 1S98, has appeared .siiaa* tiiis was written. 


V 


rrr CT n d et j da i-: — t i ( ; e e- i i k kt i . I'.s 


20 


lueiits o(‘ tli(‘ ;mi(1 liil)ruiii (FIl;’. D 1 j. TIk^ 1 i< 4 vr-]»(*otlcs, 

lik {3 most other In.SL*('ts tloiL co.])tiii'e ])re}’', do not ('oijsuiim 

their victims entire, but sulrsist ehicvlly on tlu'. Jui('(ss they 
S(j[ueeze out of tliem; tin? Iiard and innutritions ]);i,rts o.re 3‘(‘jeeted 
after the victim has been th<jrou<»‘]ily la, ecru, ted a, ml S(jiie('zed; tlui 
month forms lujth tra,}) a.nd 
press; the, pa.l]>L spread out 
in order to facslita-te the 
rapid engulfing of a victim, 
then close up undtu* it a.n(l 
help to suppoi't it in the 
mouth ; while the la-])riim 
alxive closes tlui ca.vity in 
tlie other direction. The 
inoutli itself is a, la, rge cavity 
communicating veay freely 
with the exterior, l)ut so 
completely shut off from the 
following ])a,rts of the ali- 
mentary ca,nal that it is 
difficult to find tlie orifice of 
communication ; the labiinn 
being mucli modified to 
form the posterior wall. 

F or the capture of the prey, 
a,lways living l)ut of various 
kinds, a mechanism witli great^ holding power and capable of 
rapid atdion is required. The moutli of the terrestrial M'(mt/l(um( 
(Fig. 91, 1>), (ixhil)its great strengtli ; some of tlie chitinous parts 
are (ixtremely thick, the mandibles arti enonnuns, the, palpi, how- 
ever, are comparatively low in development. In the arboreal 
genus l\)(j()nostonui the palpary structures (Fig. 91 , A) attain a 
development scarcely ecpialled elsewhere in the InstKd world. The 
great majority of the (Jicindelidae are inhal)itants of the warmer, 
or of the tropical regions of the world, and very little is known as 
to their life-histories ; they show great diversity in their modes 
of hunting their prey. Some are wingless ; others are active on 
the wing ; and of botli of these divisions There are forms tha,t are 
found only on trees or bushes. Some, it is believed, frequent 
only the mounds of Termites. The characteristic feature common 



c. 91. — ^ Moiitl) - |)!irt,s of tiger - A, 

!*rofil<i of /^otjonosUmia sp. (Mudagascar) : 
antenna ; l.'ibial palp ; r, maxillary })alp ; 
(U pali»Uurm lobe of maxilbi, ; inaiuUlile, ; J\ 
labruiji. B, Section of bead of Mantmmt 
wauuVhfia (South AlVi(!a): //, front of upper 
j)art of head-tsapsulc ; gula ; c, tciitoriimi *, 
(/, eye ; o, labrnm ; J\ left iua,n<lible ; //, niax- 
illa ; //, maxillary jjalp) ; f, labial palp ; k, 
support of this palp ; /, labium. 
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to fill is gro^a.t acA.ivity and (‘xcessi\’e wa.riiiess. I'ho geriiis 
Fofjonostoma, to Avliich we have already alluded, is eontiiied to 
Madagascar, where tlie species are nuinerous, ljut are rare in 
collections on account of the difficulty of securing tlieni. llaffray 
informs us that certain species frequent the truidvs of trees, up 
wliicli they run in a spiral luanner on tlie least aLirin. The only 
way he could ol)tain specimens was l)y the aid of an assistant: 
the two approached a tree very quietly from opposite sides, and 
wlien near it, made a rush, and joined liiinds as high up the 
trunk as they could, so as to embrace the tree, wlien the Fogonus- 
toma fell to the ground and was captured. 

Fam. 5. Carabidae (GrovncFbeetles). — Clyiieus not extending 
latercdly in front of the antennae. Maxillae 'with the outer lobe 
destitute of an. artleulated hooh ai the tf}. Antemiae covered 
{exec/pt the basal joints) 'with, a minute jraheseence. Ili'nd legs not 
very different Jro'ni the middle pair, formed for running, as usual 
i'u beetles. This is one of the largest and most important of the 





Fia. 92. — Leist'us spiniharlns. A, Lai’va (after 
Scluoilte) ; B, imago. Britain. 


families of Goleoptera, in- 
cluding as it doi^s 12,000 
or l‘>,000 descril:)ed 
species. In this country 
Caraijidae are nearly 
entirely terrestrial in 
liabits, arid are scarcely 
ever seen on the wing ; 
many of the species indeed 
have merely rudimentfiry 
wings; in tlie tropics 
there arci, howt^ver, niariy 
arlioreal forms that take 
wing witli more or less 
alertness. The larvae ( Fig. 
92, A) are usually elon- 
gate in form and run 


freely ; they may lie known 


by their tarsi ending in two claws, liy the e.xserted, sharp, calliper- 
like mandibles, by the body ending in two processes (sometimes 
jointed) and a tube of varying length projecting backwards. 
The pupae usually have the hind pair of legs so arranged that 
the tips of thc^ tarsi project behind, beyond the extremity of the 


1)01 ly. The Oarabidae are eariiivoroii8 and predaceous lioth as 
larvae and perfect Insects ; they attack living Insects, worms, or 
other small, soft creatures, but do not disdain dead specimens. 
Sonui species of CaraMs, found in North Africa where snails 
aI)oinid, are specially formed for attacking these niolluscs, having 
the head long and slender so that it can be thrust into tlie slieil 
of the snail. A tew species liave heen detected eating growing corn, 
a,nd even the young seeds of some Umbelliferae ; these belong chieiiy 
to tlie genera Ifarjiahis, J^ahrus, and A-inara. Some species of the 
aJ>iindant genera are said to be fond of 

ri] )e .strawberries. The most anomalous forms of Carahidae are the 
Ps(aiclomorphides, a sub-family almost peculiar to Australia, the 
members of which live under hark, and have but little resemblance 
to other Caralnds owing to tlieir compact forms and continuous 
outlines. The genus Mormolyce is one of the wonders of the Insect 
world on account of the extraordinary shape of its members ; the 
sides of the elytra form large crinkled exj)ansions, and the head 
is unusually elongate, ddiese Insects live on the underside of 
fadicn trees in tlie Malay Archipelago and Peninsula; no reason 
whatever can he at present assigned for their remarkable shape. 

Tliere are a consideral)le number of blind members of this 
family: some of tliem live in caverns; these belong chiefly to 
the genus A.noplitlbahn/us, species of which liave heen detected in 
tint caves of the Pyrenees, of Austria, and of North America. 
It has been shown that the optic nerves and lol^es, as well as the 
e,xt(^rnal organs of vision, are entirely wanting in some of these 
viive Oaralhdae ; the tactile setae have, however, a larger develop- 
mcMit til an usual, and the Insects are as skilful in running as if 
they possessed eyes. AnojMlicdmus is closely related to our 
Pritisli genus TrecJius, the species of which are very much given 
to 1 iving in deep crevices in the earth, or under large stones, and 
laive some of them very small eyes. In addition to these 
cavern icolous Anophtludmus, other blind .Carahidae have been 
discovered during recent years in various parts of the world, 
wliere they live under great stones deeply embedded in the 
(*arth ; these blind lapidicolous Oarabidae are of extremely 
minute size and of most sluggish habits; the situations in 
which they are found suggest that many successive generations 
are probably passed under the same stone. Not a single 
specimen lias ever been found above ground. The minute 
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Canibids of the genus Acpus, that jiass a, large part of their 
lives under stones helow high-wa,ter mark (emerging only when 
the tide uncovers tliem), on tlie borders of the English Channel 
and elsewhere, are very closely allied to tliese ]:)lind Insects, and 
have theniselves only very small eyes, whicli, moreover, a,ecording 
to Hammond and Miall, are covered in larger part l)y a peculiar 
shieldl A few Carabidae, of the genera Glyptm and Ortho gonitis, 
are believed to live in the nests of Termites. Savjjge found the 
larva of G\ sculptilis in the nests of Tmines hellicostis ; it has 
been described by Horn, and is said to Ijcar so great a, resem- 
blance to young queens of tlie Termites as to have Ijeen mistaken 
for them." Mr. Haviland found Illhoymlomdvs arngustioollis in 
Termites’ nests in South Africa. Peringuey states that it emits 
a very strong and disagreeable odour. It is pro])al)le that it 
preys on the Termites, and this also is believed to be the liabit 
of the Ceylonese Ilclhwdes taprohcmite. Some species of the 
Mediterranean genus Siagona stridulate l)y means of a lile on 
the under surface of the prothorax, rubbed by a striate area, 
adapted in form, on the anterior femorau 

A valuable memoir on the classification of this important 
family is due to the late Dr. G. H. Horn he arranges Chtrabidae 
in three sub-families : we think it necessary to add a fourth for 
Mortnolyce : 

1. Middle coxal cavities enclosed externally by tin* junction of t,he nuiso- and 

ineta-steniiiin ; iieitlier epinieron nor (qnsttTiuirn attaining tlui 
cavity. 

Head beneath, with a deep groove on itacli side near the eye for 
the reception of tlie antennae or a part thereof*. 

Slllj-fani. 3. PSEUDOMORPHTDES. 

Head without antennal grooves. tSuh-fain. 2. Haepamdes. 

2. Middle coxal cavities attained on tlie uutskh*. hy tint ti])S of tin*, (ipisterna 

and epimera. Suli-fani. 4. MoRMOLYcrDES. 

3. Middle coxal cavities attained on the outside, hy the ti]»s of tin* (‘jiiniera, 

bnt not by those of the episterna. Siih-faiii. 1. (Jaraeideb. 

These four sub-families are of extremely different extent and 
nature. The Harpialides are the dominant forms, and include 
upwards of 10,000 known species; while the various tidhes 
into which the snh-family is divided include, as a rule, each many 

^ Nuiund HisUrry (p aqvMic Itt-seds, 1895, p. 376. 

2 Tr. Amer. cut. doc. xv. 1888, p. 18. 

'* oit. V. 1881, p. 91 ; cf. SUarj>, Tr. ait. doc. London, 1882, p, 61. 
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genera, ; the Carabides are next in importance, with upwards of 
2000 species, but are diVided into a conipaiatively larger numl.ier of 
tril)es, each of which averages a much smaller niini1;)er of genera 
bluui do the tri])es of Harpalides ; rseudomorphides inehides only 
a-boiit 100 s})ecies ; and Monnolycides consists of the single genus 
Mormolyce with three species. 

Fam. 6. Amphizoidae. — Antennae destitute of ^^Ajeseenee : 
outer luhe of maxilla not jointed; metastermim with a short 
transverse imyjressed line on the middle hehind. Hind legs slender, 
not formed for sioim^ning. This family is limited to the genus 
Anwphizoa ; the species of 

whicli may he briefly de- ^ 

scribed as lowly organised /ir 

(Jara1.)idae that • lead an i I ' 

a(j[uatiG life. The geo- 
graphical distribution is 
highly remarkable, there 

being but three species, two / i ii!;l ij;';! 1 1 

of which live in AVestern i/i >i;i: '' h'l; i 

dSTorth America, the third M\\'> '‘'''‘1 i 

in Eastern Tibet. The UV // 

habits of American A?u- T ^ 

are known ; they pass \ 

a lile of little iictivity in A /¥ ^ 

very cold, rapid streams ; ' 

X ^ — J leconlei. North America, 

they do not swim, but A, Larva ; B, imago. 

cling to stones and timber. 

o » 

The larva was recently discovered in Utah by Messrs. Hubbard 
and Schwarz U it has the same habits as the perfect Insect, 
jind in general ibrm reseml)les the larvae of the genus GaraMis ; 
but it lias 110 terminal tube to the body, the abdomen consisting 
of eiglit segments and a pair of short terminal appendages ; the 
s])iracl(is are obsolete, with the exception of a pair placed near to 
one another at the termination of the eighth abdominal segment. 
jVh regards the mouth this larva is Carabid, as regards the 
ahdoiiKUi a, ml stigmata Dytiscid of a jirimitive type. 

Fam. 7. Pelobiidae. — Antennae destitute of pulescence. : outer 
lohe of maxilla jointed, vietasternurn with a short transverse 
impressed line on tloe middle heliind. Hind legs rather slender, 
^ I\ eiU. Soc. Washington, ii. 1892, p. 341. 
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formed for swimming, the tarsi longer than the tibiae. Tliis fuinily 
irt limited to the one genus Pelolmis (ftlygrolna of some authors). 
Like Am^hizoa, to which it is in several respects analogous, it 
has a singular geograpliical distribution ; there a, re only four 
known species, one lives in Britain and the Afediterranean region, 
one in Chinese Tibet, two in Australia. Pelohius nmy be Inietly 
described as a Carabid adapted to a considera])le extent for 
living in and swiinining about in water; differing thus from 



Fic}, 94 . — Pelvbius tardus. Britain. A, Yo\iiig larva ; B, adult larva ; C, imago. 
(A .and after Scliiddte.) 


Am^lhizoa, which has no special ada-ptation for swimming. The 
larva oi Pelolnus is remarkable; it ])reathes by means of ])ranchial 
filaments on tlie under surface of the bod}g th(3 spiracles l>eing 
present, though those of the aljdomeii are vcuy minute and the 
others small. The head is very large, the mandibhts are not 
tube-like, the food being taken after the maniuu* of the Carabidae ; 
the 8th abdominal segment ends in three long ])r()(3esses ; tlie 
small 9th segment is retracted beneatli them. The adult Pelobius 
tardus is remarkable for its loud stridulation. The sound is pro- 
duced by an apparatus described correctly by Charles Darwin ; ^ 

^ Ikiscent of Man, i. 1890, x^* 388; The views of Lundoih aud Rocker, Arch. f. 
Naturrjesch. Ivii. 1, 1891, x^. 101, are erroneous. 
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there is file on tlic inside id* tlie \vin_i;--e;isos, end the Insect 
turns up the tip of tlie ubdonien a,nd s('r;ipes tlie file tlierewitli. 
Tlie Insects are called scpieakers in the (Joveiit ( tir<l(‘u inarkid,, 
where they are sold. 

Fam. 8. Haliplidae. — Antr.mufe. luvrp, leti.-joiated ; 
sternum marlvvd hy a tranHvrri^e lhu\; jHK^f.rrior ciw/ie p/'oJo/iffrd 
as plates, coveHny a. larye 
part of the. lo'irer savfave 
of the ahdorneoh ; tlie 
slender, hut ohildjed, hind 
femora wove hetween these 
plates arid th.e aldomeoL 
Tlie Hali^hidae are 
aquatic, and are all small, 
not exceeding four or five 
millimetres in length. 

The ventral plates are 
peculiar to the Insects of 
tliis family, but their func- 
tion is not known. Tlie 
larvae are remarkable on 
account of the fleshy pro- 
cesses disposed on their 
bodies; liiit they exhilut 
con sideral ile variety i 1 1 
tills respect ; their man- 
di Ides are groov(‘d so that 
they suck tlieir prey. In 
tlie larva of Haliplvs, 
according to Scliiodte, 
there are eight pairs of 
alxlominal spiracles, but 
in Onemddotus (Fig. 95, 

B), there are no spiracles, 
and air is obtained by 
means of a trachea traversing each of tli.(‘. long filaments. The 
Insects of these two genera are so similar in the imaginal instar 
that it is well worthy of note that their larvae should be distin- 
guished by such important characters. Haliplidae is a small 
family consisting of three genera, having about 100 species; 



Fk;. 95. — Onemidotifs' mesns. Fuglaiid. A, Imago ; 
B, larva, liiglily magnitied. (After Scluodte.) 
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it is very widely distrilnited. W(‘- luive 1.1 s|KM'ies in l>iitiiiiL, 
all tlie genera being represented. 

Fam. 9. Dytiscidae — Antemnue hire; hind 

legs for med foT swiniiuiiig, not ecipidde oj ordd.mvrij ‘lOidlriiig , nietn- 
sternum 'without ci transverse line across it ; hehiud closely united., 
ioitlh the extremely larye coxae. Outer hd)e oJ uiaxillii Jormuny a. 
two-jovnted I'^cdpus. The Dytiscidae, or true Wtitei-liee.tles, <iie ol 
interest l)ecaiise — -uidike the a(|iiatie Neuroptera they exist in 

water in l.H)th th(‘. 
larva.1 a,nd iiiuigiiial 
ins tars ; iievertludess 
there is reason for sii])- 
posiug tiia.t they are 
modified terrestrial 
Insects : these reasons 
are (1) that in their 
gen erf d o i‘g{ i n i sa t i on 
they are similar to 
the (Jfirabidfie, a,nd 
they drown more 
quickly tluin the 
nmjority of hind 
l)eetles do ; (2) tlioiigii 
the larvae are very 
different from the 
larva, e of tei'riistrial 
beetles, ye.t the ima- 
ginal instfirs are niiich 
less profoundly 
changed, and are capalde of existing perfectly well on land, find 
of taking prolonged flights through the air; (2) the pnpfi is, so 
far as known, always terrestrifil. Tlie larvae and inuigos are 
perfectly at home in the water, except tliat they must come to 
the surface to get air. Some of them are capabhq Iiowever, when 
quiescent, of living for hours together beneath the water, l)ut 
there appears to be great diversity in this respect.^ The hind 
pair of legs is the chief means of locomotion. These swimming- 
legs (Fig. 97) are deserving of fidmiration on account of tlieir 
mechanical perfection ; this, however, is exhibited in vfirious 
^ Set.^ ./, JAnn. JSuc. Zod. xiii. 1876, p. 161. 
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degro('.s, Ic'gs iu tlio gen(‘r;i Dytisrifs mikI J/i/dmifuruH iKdiit*- 
but .slender, while those of CyhUic/r a, re so Inroad a,nd powerful, tliat 
a single stroke propels the Insect for a consideraljle distance. 

Tiie wing-cases fit perfectly to the b(jdy, except at the tip, so 
as to forni an air-tiglit spa,ce between tliemselves and the back of 
the Insect ; tliis space is utilised a,s a inservoir for air. When 
the Dytimiis feels the necessity for arr it rises to tlie surface and 
exposes the tip of the ])ody exactly at the level of tlie water, 
separating at tlie sa.nie time tlie aljdoinen from the wing-cases 
so as to open a l)roa,d chink a,t the spot wliere tlie parts were, 
during tlie Insect’s sidmiersion, so well held together as to be air- 
and wa, ter - tight. The ter- 
minal two pairs of spiracles > 

are much enlarged, and liy f" j 

curving the alidomeu thi‘. ' / 

beetle brings them into coii- ^ 

respiration is effected liy this ^ c 

means as well as by the store ^ 

of air carried about under the ^ 

wing - cases. The air that or swininnng-leg of cjfhister 

o tri.j)mid(Unfi. A, llie wliole leg detached ; 


enters the space between the B, the niovalde parts in the striking posi- 

olvt ro ourl Twlv c-linf **‘^^‘* <0 Coxa ; ^ trochanter ; c, femur ; 

cljtia <incl hocly is slmt in tibia; e, last joint of tarsus. 

til ere wlien the Insect closes 

the chink and again divers beneath the water. The enlargement 
of the t(n*niinal 'stigmata in Dytmms is exceptional, and in forms 
more liighly organistal in other respects, such as Cylrister, these 
s])iracles remain minute; the presumption heing that in this 
case respiration is carried on almost entirely hy means of the 
supply the Insect cari'ies in the space lietween the elytra and the 
base of the abdomen.^ The structure of the front foot of the male 
Dyf/ls(ms, and of many other water-beetles, is highly remarkable, 
tlie foot being dilated to form a palette or saucer, covered beneath 
by sucker-like structures of great delicacy and beauty ; by the aid 
of these the male is enabled to retain a position on the female for 
many hours, or even days, together. Lowne has shown that the 

^ For many particulars as to respiration of Dytiscus, and peculiarities of the 
larva He(i Miall, AqmUw Insects, 1895, pp. 39, etc. (In the. figure given on p. 60 
the large stigma on the terminal segment of the abdomen is omitted, though it is 
referred to in the t(.‘xt.) 
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suckers comnuinicate with a, sac in the interior of tli 
ing fluid, wliicli exudes under pressure. As the i 
skeleton of the female on which these suckers a 
bear is frequently covered with pores, or minute p 
able that some correlation between tlie two orgauis 
about by these structures. The females in nia 
Dytiscidae bear on the upper surface of the bo 
sculpture of various kinds, the exact use of whicl 
in many species there are two forms of the femaJe, 
this peculiar sculpture, the other iiearly, or qiiii 
The larvae of Dytiscidae difler from those of Cai 
by the structure of tlie moutli and of the a,]>doni 
excessively rapacious, and are indeed almost cous1 
in sucking the juices of soft and small aquatic- 
means excluding their own kind. The mode of 
thoroughly known, but so far as tlie details have lx 
they are correctly described, in the work on aqui 
Professor Miall, we have previously referred to; 
are hollow, with a hole near the tip and another a 
• being sharp at the tips are thrust into the liody o 
then by their closure the other parts of the moi 
very beautifully constructed for the purpose, are 
fitting mechanical positions for completing tiic wo: 
the victim. Nagel states that the larva of lh/^ 
digestive fluid into the body of its victim, and 
rapidly dissolves all the more solid parts of tlic pi 
rapacious larva can easily absoiii all its victi 
insoluble outer skin. The abdomen consists 
segments, and a pair of terminal processes ; the s 
more or less completely obsolete — according to spc 
exception of the pair on the eighth segment at 
body; the terminal segments are frequently fring 
that serve not only as means of locomotion, hut a 
pair of active stigmata at the surface when the c: 
get air. Although the larvae of Dytiscidae are bi 
yet considerable diversity has already been foil 
Ey;phydrus and some species of Eydro])Ofm liave t 
head produced into a horn, which is touched by • 
mandibles. 

Dytiscidae are peculiar inasmuch as tliey ap] 
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best in the cooler waiters of the eurtli. La])laiid is one of the 
parts of Europe ricliest in Dytiscidae, and tlie profusion of species 
in the tropics compared with those of Europe is not nearly so 
great as it is in the case of most ot the other hnnilies of 
Goleoptera. About 1800 species are ah present known, and we 
liave rather more than 100 species in Britain.^ 

Series III. Polymorpha. 

eMher thicker at the tip Qda/iHcorn) or serrate 
along their inner edge (sm'ieorn') ; Init these characters, as 
ivell as the nnmher of joints in the feet and other points, are 
very variable. 

Upwards of fifty families are placed in this series ; many of 
these families are of very small extent, consisting of only a few 
species ; other families of the series are much larger, so 
that altogetlier about 40,000 species — speaking broadly, about 
one-fourth of the Goleoptera — -are included in the series. We 
have already (p. 189) alluded to the fact that it is formed by 
certain conventional series, Clavicornia, Serricornia, etc. united, 
because it has hitherto proved impossible to define them. 

Fam. 10. Paussidae. — A^iteAimneof extramalm^^^^ form, usually 
two-jointed, sometimes six- or ten-jointed. Elytra, elongate, hut trun- 
cate hehind, leaving the pygidium exposed. Tarsi five-jointed. The 
Paussidae have always been recognised as amongst tlie moat 
remarkable of beetles, although they are of small size, the largest 
attaining scarcely half an inch in length. They are found only 
in two ways ; either in ants' nests, or on the wing at night. 
They apparently live exclusively in ants' nests, l)ut migrate 
much. Paussidae usually live in the nests of terrestrial ants, hut 
they have been found in nests of Or emastog aster in tlie spines of 
Aeaeia Jistulosa. They have the power of discharging, in an 
explosive manner, a volatile caustic fluid from the anus, which is 
said by Loman to contain free iodine. Tfieir relations to the 
ants are at pjresent unexplained, though much attention has been 
given to the subject. When observed in the nests they frequently 
appear as if asleep, and the ants do not take iniich notice of 
them. On other occasions the ants endeavour to drag them into 
the interior of the nest, as if desirous of retaining their company : 

^ For classificatioTi and structure sec Sharp, “ On Dytiscidae,” Tmns. U, 
Dublin Hoc. (2) ii. 1882. 
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the Fcmssus then makes no resistance to its hosts ; if‘ however, it 
be touched, even very slightly, hy a.u ol)server, it immediately 
bomhards: the ants, a,s may be imagin(*d, do nob approve of tliis, 
and run away. Nothing lias ever l)een observed that would ]ea,d 
to the belief that the ants derive any benefit from tiie pia^seiH'c 
of the Paussi, except tliat these guests bear on some ])art of the 
Pody — frequently tlie great impressions on tlie pronotum — patcluAs 
of the peculiar kind of pubescence that exists in many otlier kinds 
of ants’-nest beetles, and is known in some of tliein to secrete a 
substance the ants are fond of, and that the ants have been seen 
to lick the beetles. On tlie otlier lia,nd, the 
Paussi liave been observed to eat tlie eggs 
and larvae of the ants. The hirva oiPaussus 
is not known, ^ and Eaffray clou])ts whether 
it lives in the ants' nests. There are about 
200 species of Pan ssidae known, Alrica, Asia 
and Australia lieing their cliief countries ; 
one species, P. favievi, is not uncommon 
in the Iberian peninsula and Soutli France, 
and a single species was formerly found in 
Brazil. The position tlie family sliould 
Fig.^ 9S. — Paimm ^eepha- occupy has been much discussed; tlie only 
forms to which they nudce any real ap- 
proximation are Caralhdae, of the group 
Ozaenides, a group of ground beetles that also crcpitat(3. Bnr- 
meisteiqancl others have therefore placed the l^uissidae in tlie 
series Adephaga, hut we follow Pmffray’s view (he lieing the most 



lotes S. ni 
(After Kaffray.) 
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recent authority on the family),*-^ who concludes thah this is 
an anomalous group not intimately connected with any other 
family of Coleoptera, though having more affinity to (Jaraliidae 
than to anything else. Tlie recently discovered genus Proto- 
paussus has eleven joints to the antennae, and is said to come nearer 
to Carahidae than the previously known forms did, and we may an- 
ticipate that a more extensive knowledge will show that the f amily 
may find a natural place in the Adephaga. The description of 
the abdomen given hy PtaflVay is erroneous; in a specimen of tlui 
genus ArthropUrus the writer has dissected, he finds that tliere 

^ Descriptions of larvae that maj'’ possibly be those of Paii.ssids have becHi pub- 
lished hy Xamheu, Ann, Soc. Limi. Lyon, xxxix. 1892, ]>. Ib7, and Erichson, Arch. 
NafAtrgesch. xiii. 184.7, p. 275. 

- Arch. Mus. Laris (2), viii. au<l ix, 1887. 
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{ire live ventnil segineiits visible Jiloiig the middle, six iit tlui 
sides, as in the families of Ade])liag{i generally. There is s{iid 
to l)e a great difference in tlie nervous systems of ( ttr{d)i(l;ie cuid 
l^uissidtie, but so little is known, on this jiuint tliat we ('{iiinot 
judge whether it is re<illy of iniporhince. 

Fam. 11. Gyrinidae ( WIdrVujuj hccMr>^). — uinionutr. rrrij 
short; four cyos ; middle and, hind leys forminy short hrtutd. 
'paddles ; abdomen ivith six segments 'visible alony the middle, seven 
(dong eueh side. These Insects are known to all from tlieir lnil)it 
of floating lightly on the surface of water, and performing gr;ieeful 
complex curves round 
one another without 
colliding ; sometimes 
they may l)e met with 
in great congregations. 

They are admirably con- 
structed for this mode 
of life, wliich is com- 
paratively rare in the 
Insect world; the 
ITydrometridae ai nongst 
the bugs, and a small 
numljer of different 
kinds of Diptera, being 
the only other Insects 
that are devoted to a 
life on the surface (jf the 
waters. Of all these, 

Gyrinidae are in their 
construction the most 
adapted for such a 
caroler. Tliey are al)le 
to dive to escape danger, 
and they then carry with them a small supply of air, hut do not 
stay long heneath the surface. Tlunr two hind jialrs -of l(‘gs a, re 
beautifully constructed as piddle.s, expanding mechanically wlieu 
moved in the backward direction, and collapsing into an exlrtiinely 
small space directly the resistance they meet with is in the other 
direction. The front legs of these Iiisecfe are articulated to the 
thonix in a. peculiar directiou so that their soles do not look 



Fro. 90. — A, Larva of (tyHtvuH (after BGiiiidte) ; B, 
under side of OyrinuH sp. (after Ganglbaiier). 1, 
Prosteniuin ; % anterior coxal cavity ; 3. ineso- 
thoracic epistenium ; 4, luesoepiiriernn ; 5, meao- 
stennim ; (I, inetathoracic, ejnsterinmi ; 7, middle 
coxal cavity ; 8, nietasterinnn ; 9, IiiiHl coxa ; 10, 
ventral .scgiucnts. [N.B. — The first ventral segment 
really consists, at eutdi side, of two segments united ; 
this may be <listiuctly seen in many Gyrinidae. j 
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downwHrds but towards one another ; lienee the sensitive ad- 
hesive surface used during coupling is placed on tlie side of the 
foot, for min g thus a false sole: a reniarkalde niodification other- 
wise unknown in Insects. They breathe chiefly by means ol* tlie 
very large nietathoracic spiracles. 

The larvae (Fig. 99, A) are purely sijuatic, and are highly 
UKjditied for this life, lieing elongate creatures, with sharp, 
inandildes and nine abdominal segments, each segment ])earing 
on eacli side a tracheal branchia ; these gills assist to some extent 
in locomotion. TTie stigmata are quite o])solete, but the terminal 
segment bea.rs four processes, one pair <d* which may he looked on 
as cei’ci, the other as a pair of gills corresponding with the pair 
on ea,c.h of the preceding segments. . The mandibles are not 
suctorial, but, according to Meinert, possess an orifice for the 
discharge of the secretion of a mandibular gland. (Tyrinidae 
are chiefly carnivorous in both the larval and imaginal instars. 
Fully 300 species are known; they are generally distributed, 
though wa-nting in most of the islands of the world except those 
(.)f large size. Tlie finest forms are the Brazilian Eiihydrm and 
tlie l\)rr()rhync.lmH of tropical Asiad In Britain we have nine 
species, eight of Gyrinus, one of OredocJdlns ; the latter form is 
rfirely seen, as it hides during tlie day, and perforins its rapid 
gyrations at nigiit. 

Tile Gyi'inidae are one of the most distinct of all the laniilies 
of Coleoptera : liy some they are associated in the Adephagoiis 
series ; but they have little or no affinity with tlie otlu^r mem- 
bers tliereof. Without them the Adephaga form a natural series 
of evidently allied families, and we consider it a mistake to force 
the Gyrinidae therein liecaiise an objection is felt l>y many tax- 
onomists to tlie maintenance of isolated families. Surely if 
tliere are in nature some families allied and others isolatial, it is 
better for ns to recognise the fact, though it makes our classifi- 
cations look less neat and . precise, and increases the difficulty of 
constructing “ tables.” 

Fam. 12. HydropMlidae. — Tarsi fvm’'j(yhitcil, the first joint 
in mam/ rases so small as to he scarcely evident : a/ntPMnae 
shorty of less tluin ele.ven joints, not Jilifortn, hat consisting of 

^ For claKsificatiou and inou(.)graph of lliti family, sfjc Rt'ginibart, Ami. Hoc. enl. * 
Franai, 1882, 1882, and 188(). For a catalogue, Severin, Ann. l/oc. cut. Ikh/ique, 
xxxiii. 1880. 
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tJi.ree 2^(vr(:s, a haml pcii. of oao or two doiujalr Joi/ils, an infer- 
'liicdia.te ‘pa-rt of boo or niorc. small joints, and an (vpiral jutrt if 
hirijcr (or at a.ny rale l)ro(alcr^ joinls/iidtd^^ (friypidu'scant, thr others 
hciny hare. Older lobe of inaxUUai vsualiij {‘omplex, hid. rot al 
(dl ]jfd/dfori}h, iturxill((n/ palpi if ten very liria/ ; the parts if the 
lahiurn ‘tnveh eouceeded hcJdnd the 'nientu/m., the labial palpi rery 
'iridrly separated. Hind coxae e.dendiny tli-e vdiUh, of the 
body, short, the lamina interior small in comparison 'irilh, the 
lamina exlerior. Abdomen of Jive risible scyme/nts. The i r}^(lro- 
])hilida,e are a,ii extensive liiniily of beetles, uuattrfu'tive in t'oloiirs 
a, rid appea,rau(ie, and inucli negleetc‘,d liy collectors. A large pai't 
of tlie family live iii water, though most of them liave only 
feeble powers of a,qiiatic locoinotiou, and the het‘,tles a,p])ea,r 
chiefly to devote their atteutiou to economising the stock of a,ir 
eacli individual carries aljout. The Ijtist known forms of the 
family are the species of HydropihUus. They are, liowcvver, very 
exceptional in many respects, and are fa,r more a,cti^ai and pre- 
daceous than most of the other forms. Mucli has been written 
about Ilydrojddlifs jnce.us, one of the largest of Tritisli beetles. 
This Insect breathes in a most peculiar manner: the spirricles 
are placed near Ijancls of delicate pidjescence, forming tracts that 
extend tlie whole length of the body, and in this piirticular 
species c{)ver most of the under surface of the body; these 
velvety tracts retain a coating of air (Axm when tluj Insect is 
submerged and moves quickly tliroiigh the water. It would 
appear rather difficult to invent a mechanism to snppdy these 
tracts with fresh air without tli(‘. Insect leaving the watcu* ; hut 
nevertheless such a niechaiiisiu is provuUal liy the antennae of 
the beetle, the terminal joints of wliich form a pubescent scoop, 
made liy some longer liairs into a funnel suillcieiitly large to 
convey a hul.)hle of air. The Insect therefore rises to the sur- 
face, and by means of the antennae, whicli it exi)Oses to the air, 
ol)ta,ins a supply with which it siuTouiids a large part of its 
l)ody ; for, according to Miall, it ca-rries a supj)ly on its l)ack, 
under the elytra, as well as on its ventral surface. From the 
writcr’KS own observations, made many ye.ars ago, he inclines to 
the opinion that tlie way in which the Hydrophilns uses the 
antennae to olitain air varies somewhat according to circumstances. 

Many of the members of the suh-femily Hydrophilides con- 
struct €igg-cocoons. In the case of ITydropldlvs pirens, the boat- 
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like structure is provided witli a little mast, wliicli. is su])])Osed by 
some to be for the purpose of securiiig- air for the eggs. Ihlo- 
cliares and 100)ca,ny the cocoon of eggs aftaclied 

to tlieir own ) )odies. Fkilydr uH constructs, 
one after tln‘. otlier, a, nuinlim* of tlu‘sc 
egg-l:)ags, eacli containing a])Out fifteen 
eggs, and fixes ea,ch l)ag- to the leaf of 
some arpia-tic'. pLint ; the Lirva,c a,s a rule 
hatch S[)(Huli]y, so tlia-t th(‘, a,dva,nta,ge of 
tlie l)ag is somewlait prolieinaiic. 

TIh^. la.rva(‘ of the a,(jua,tic division of 
tile iaanily ha,ve been to a, c(*rtain extent 
studied by ScidiUlte a,nd others; those of 
the Sphaeruliides — the t(UTestria,l group 
of the family — are but littlci known. All 
the Lirvae semu to 1)0 ])r(alaceous and 
carnivorous, even when the imago is of 
vegetahle- feeding hahits ; a,nd Dumeril 
states that in Hydroun (urrid/oides the 
alimentary caiial umhugoes a great 
change at the ])eriod of metamorphosis, 
ruptured and some of tiie becoming very eloiigafe in the< adult, 
eggs escaping. though ill tlie hirva it wa,s short. The 

legs are never so well developed as they are in the Adtqihaga, 
the tarsi being merely claw -like or altogetlic.r wa,nting ; the 
mandibles are never suctorial. The respiratory a,rrangements 
show much diversity. In most of the Hydrophilides the process 
is carried 011 by a pair of terminal spiraxdes on the eighth 
abdominal segment, as in Dytiscidae, and th(‘s(^ are either 
exposed or placed in a respiratory cliandier. In Bcmmis tlie 
terminal stigmata are obsolete, and the sides of the liody bear 
long branchial filaments. Cussac sa,ys that in Hjmrihnm (Fig. 
101) there are seven pairs of abdominal spiracles, and. that the 
larva breathes by presenting tliese to the a-ir ; ^ luit Schiodte 
states that in this form there are neitlier thoracic nor alxlominal 
spiracles, except a pair placed in a respii'atory clmmlier on the 
eighth segment of the abdomen, after the manner described liy 
Miall as existing in HydroVms. No (lonl)t Cussac wa,s wrong in 
supposing the peculiar lateral alxlominal processtis to l)e stig- 
^ Ann. S^oc. f'nl. France^ .xxi. 1852, p. 619. 



Fia. 100. — Sjm'cheus emar- 
ejinatus $. Britain. A, 
Upper .surface of beetle ; 
B, under .surface of abdo- 
men. witli the ecTir - sac 



V 


POLYMORPriA IIYDROPHILIDAK PLATYPSYLLI DAK 2 I9 


inatiferous. In Berosus there are palclies of aihiferous, 
])ubescence on the body. The pupae of Hydro])hili(l(‘.s n 
the doiml surface, which is ])rote.('.t(‘d ])y 
sjjinoiis processes on the proiiotuiii, and 
on the sides of the abdoimui. 

We liave already reinarlved ilia.t this 
is one of the most neglecited of the 
families of Coleoj)t;#ra, and its cdassifica,- 
tion is not satisfactory. It is usuiilly 
divided into Tlydrophilides and .Sphaer- 
idiides. The Sphaeridiides are in large 
part terrestrial, but their separation from 
the purely acpiatic Hydrophilides cannot 
be maintained on any grounds yet pointed 
out. Altogether about 1000 species of 
Hydrophilidae are known, but tliis pro- 
bably is not a tentli part of tliose exist- Fuj. lOi. Larva of 
ing. In lintain we liave nearly nniety SoiuofUe). 


niiuutii 
])ose on 



(After 


species. Some taxonomists treat tlic 

family as a series with the name Talpicornia. The scries Tliil- 
hydrida of older authors included these Insec-ts and the l^irnidue, 
and Heteroceridae. 

Fam. 13. Platypsyllidae. — This consists of a single species. 
It will be readily recognised from Fig. lOl^, a.ttcrition Infinggivcm 
to the peculiar antennae, and to th(^< fac^t that the mentum is tri- 
lobed behind. This- curious spticuis lias 1 hh*ji found only on tlie 
heaver. It was first found l)y Ilitscma on America , 11 Ijeavers 
(Castor ccmade/fisi s) in the Zoological (hirdcms at Amsterda,m, hut 
it lias since been found on wild beaAUirs in the lUione in Fntncc ; 
ill America it appears to Ixi commonly distributed on thes(i 
animals from Alaska to I'exas. It is very reinarkaldci that a. 
wingless parasite of this kin<l should he found in hotli h(‘, mi- 
spheres. The Insect was considimid ])y Westwood to l>e a sepa,rate 
Order called Achreioptera, Imt there can l^e no doubt tl)a,t it is a, 
l)cetle. It is also admitted that it shows some ]>oints of rescan- 
blarice with Malloplmga, the liaJjits oi* which are similar. iLs 
(Joleopterous nature is coiilirimnl ]>y the larva,, which lias been 
described by botli Horn and liil(‘y.' LitthY is known as to ihit 
food a, ml life-history. Horn states tlia-t the eggs ar(‘, ])laced on 


’ Horn, 7V. Anu'r. ('at. Aac, .w. 1H8S, |». 28 ; Riley, I'/mri i. ISS'J, p. .‘iOO. 
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tlie skin of the heaver ainoiigst the densest hair ; tlie larvae move 
with a sinuous motion, like those of Staphylinidae. It has keen 



Fi<}. 102 . — PlatyjisyUus msioris. A, Upper side ; B, lower side, witli legs of one side 
reirioved ; C, antenna. (A.lter Westwood.) 


suggested that the Insect feeds on an Acarid, Schizocar^pus 
Quingcmdi ; others have supposed that it eats scales of epithelium 
or liairs of the beaver. 

Fam. 14. Leptinidae. — Antennae 
rather long, eleven-jointed, vnthout clnh, lut 
a, little thicker at tlie extremity. Eyes alsent 
or imperfeet. Tarsi Jlm-jointeak Elytra 
quite covering ahlomen. Menkim with the 
posterior angles, spinously prolonged. A 
ifxmily of only two genera a,nd two species. 
Their natural history is obscure, hut is 
apparently of an anomalous nature; the 
inference that may he drawn from the 
little that is known being tliat they are 
parasitic on mammals. There is little or 
notliing in their structure to indicate tliis, 
excep)t the condition of blindness ; and 

Flo. 103 . — Leptmvs PM(iceus. .-i . i j i -r j i t 

Britain. uiitil nxiciitly the Insects were classified 

amongst Silpliidae. Leptinus testae eus 
(Fig. 103) is a Ilritisli Insect, and besides occurring in Europe 
is well known in North America. In Europe it has lieen found 
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ill f'.iiriouM ])]a,C(‘H, including tlie nei^ts of iiiice and bunilde-bees. 
Ill Aiuerica it lias been found on the mice tlnunselves ]>y Dr. 
Ity (ler, and hy Riley in the nests of a common field-mouse, 
together witli its larva, which, however, has not been described. 
The allied genus Zeptinillus is said by Eiley to live on the 
lieaver, in company with Flcity^sylhis} It lias been suggested 
that the mitural home of the Ley)tinvs is the bee's nest, and 
that perliaps tlie beetle merely makes use of the mouse as a 
means of getting from one nest of a bumhle-bee to another. 

Fam. 15. Silphidae . — The onentum, is usually a. transverse 
‘j)l((te, h((mn(j in front a rnemhranous liyynujlottis, ichicli hears tin:, 
exposed labial palpi ^ and immediately hehind ilteni the so-called 
Inlohed, liyiila. The anterior coxae are conical and contiguous: 
prothoracic epimera aoid episterna not distinct. Visible abdomi- 
nal segments ustially five, hut sometimes only four, or as many as 
seven. Tarsi frequently five-jovnted, but often unth one joint less.- 
Elytra> usually covering the body and free at the tips, bill occasion- 
ally shorter than the lady, and even triincate behind so as to expose 
from one to four of the dorsal plates ; but there are at least three 
dorsal 'plates in a numhranous eonditiooi at the base of the abdomen. 
I'liesci beetles are extremely diverse in size and form, some being 
very minute, others upwards of an inch long, and there is also 
('.onsiderabhi range of structure.. In this family are included 
the l)urying-])ethles {Neeroplio')'Us), so well known from their habit 
of .making excavations under the corpses of small Yertehrates, 
so a,s to l)ury them. Besides these and Silpha, the roving 
(iarrion-bechles, the family includes many other very different 
forms, amongst them being the larger part of the cave-beetles 
of Europe a,nd Hortli America. These belong mostly to the 
gmuira Baihyse/ia in Europe, and Adelops in North America ; but 
of late ytuirs (juite a crowd of these eyeless cave-beetles of the 
group Le])t. odor ini have been discovered, so that the European 
('utidogiK^ now includes about 20 genera and 150 species. The 
spemes of the genus Catopomorpkus are found in the nests of 
ants f.)f the genus Aphaenogaster in the Mediterranean region. 
Scarc(dy anything is known as to the lives of either the cave- 
Silphiilae or the myrniecophilous forms. 

The larvae of several of the larger forms of Silphidae are well 
known, but very little has been ascertained as to the smaller forms, 
i Insect LiJC; i. 1889, pp. 200 and 306. 
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ThuS(‘ of th(‘. ]>ury,ing-]HictU‘.s lia,vc*< spiny |)la.U‘.s ou llie Vutck oi tlie 
body, and do not resem])le the otlier known lomis ol the family. 
The rule is that the three tlioraeic segments a, re well developed, 
and that ten al)doniinal segments are also distinel ; the ninth 
alxlominal segment hears a pa,ir of cerci, whicli are sometimes 
elongate. Often the doi*sal pla-tes are harder ancl ladter develo])ed 
tlian is usual in ( ^.)leopterous la,rva.(‘. fliis is (ispeeially the case 

with some tlmt are en- 
dow(‘.d with gr(‘at powers 
of loeomotion, such as S. 
ohnc/urn. ( hig. 10 4-). Tlie 
food of the la,rva,(i is a,s a 
lade decomposing a;nimal 
or vegeta.{)l(i nmtter, luit 
some are ])reda,ceous, and 
attack living objects. 
The largei’ l^ilpha larvae 
live, like the Necro- 
'pJt.orv.H, on decomposing 
animal matter, hut run 
a 1 ) 0 VI t to s(‘,ek it; lienee 
many s])ecim(uis of some 
of tlu^se larg(i larvae may 
sometimes he foiiiid aanongst thii bom‘S of a. viny small dead bird. 
We have found the la,rva and imago of UionwA.m in )>irds’ nests 
containing dead nestlings. /S' airntii. and H. huimijata, make war 
on snails. H. Iwirimiiah enters the houses in La])lantl a,nd ra,vages 
the stores of animal provisions. H, (rpura (h^parts in a very . 
decided manner from the ha])its of its congcunu’s, a.s it attacks 
beetroot and other siinihir crops in the growing sta,ti‘. ; it is 
sometimes the cause of serious loss to tlie growers oF hevt. Tim 
larvae of tlie group Anisotomides are Ixdievtid to he (driefly 
subterranean in habits ; that of A. HnmMmiymat feeds on tlie 
truffle, and the beetle is known as the truffle-heethj. 

• The number of species of Silphidae known, must be at present 
nearer 900 tlian 800. Of tliese an unusually large proportion be- 
long to the European and North American regions; Silphidae being 
apparently far from miiiierous in the tropics, leather more tlian 
100 species are natives of Britain. The family reappeui’s in coti- 
sideral)l(‘- Ibrce in New Zt^aland, and is ])rol)a,l)ly well niprescnttul 


Frd. 104. — A, I^/irva of *<llpha ohacimt, Kurojxj. 
(After Scliiodte). B, Phnnaphila /((crj/inostij 
Australia. 
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I South Australia and Ta,suia.iiia.. The most n'ina,i*ka,hl(‘ iorni 
nown is perhaps the Australian genus rfAnticqih.ilu (Kig. 1 04, 
he classification of the family is due to Dr. llornd T\m 
uly cliange of iinportance that has since heen suggested is 
:ie removal of SjJiaerites from this family to Syntelii(hu‘. 
jiisotoinidae and Clamhidae have been considered distim-t 
imilies, hut are now included in Bilpliidae. 

Fam. 16. Scydmaenidae. — Minute Insrr is all Ird in l^Hjdddae, 
Lit 'with the Ibvml coxae separated, and the facets of the eyes eoa/eser ; 
he tarsi are five-jointed ; the nnaiher of visible ahdoniinal scLjaienis is 
ix. These small l.)eetles are widely sprearl over the ea-rtli’s surhice, 
nd alioiit 700 species are now known, of whicli we have a,])out a 
core in Eritain ; many live in ants’ nests, but probably usually 
ather as intruders than as guests that have friendly relations 
vith their hosts. Nothing is known as to their life-histories, l)ut 
he food of the imago, so far as is known, consists of Acari. Masf/lgus 
s a very aberrant form, found in moss and dead leaves in Southern 
ilurope. By means of Brathinus the family is lu'ought very near 
0 Silphidae ; Casey, however, considers Brathinus to belong to 
5taphylinidae rather than to Scydmaenidae. The Soutli European 
Lepto'Lnastax is remarkable on account of the slender, long, sickle- 
liaped mandibles. The Oriental genus Clidicus is tlic largest and 
nost remarkable form of the family; it has a, very slender iu‘ck 
jo its broad head, and is more than a ([uarter of an indi long. 

Fam. 17. Gnostidae. — MimiU Inserts 'with tihree-jointed 
'mten/iiae, five-jointed tarsi, aaid three apparent ventral sey rn ents, the 
hrst of 'uokieh, however, is edongate, and consists of three wnited 
olates. Elytra entirely covering the after-body. The family con- 
-{ists of two species wliicli luu^e been found in tluvi nests of ants, 
of tlie genus Ore/niastogaster, in Brazil. 

Fam. 18. Pselaphidae. Very small Insects ; the elytra rmick 
ahlrreviated, usually leaving as much as half the abdomen uncovered ; 
the maxillary palpi usually greatly developed, and of a. variety of 
remarkable forms ; the segments of the abdomen not 'trwre than 
seven in fiumber, with little or no power of mxnmnent. Ihirsi with 
'not more than three joints. These small Ooleoptera mostly live in 
the nests of ants, and present a great diversity of extraordinary 

ft 

^ Tr. Amer. ent. floe. viii. 1880, pp. 219-321. 

- We.st\vood, Tr. ent. floe. Loruhen (N.S.) iii. 18.55, p. 90; W^aHiiumn, KriL 
Vefzeiehn'hB Arthropod. 1894, p. 121. 
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sliMl)es, and very peculiar structures of tlui aiiteniuKi {uid iiaixilLiry 
palpi. Owing to the consolidation of some of its segments, the 
abdomen frequently appears to have less than the usual niiml:)er. 
In the curious sub-family Clayigerides, the antennae may liave 
the joints reduced to two or even, to all appearance, to one ; thtj 
tarsi suffer a similar reduction. There are about 2500 species of 
Pselaphidae known ; many of them liave never been found outside 
the ants’ nests ; very little, however, is known as to their natural 
liistory. It is certain tliat some of them excrete, from litth* 
tufts of peculiar pubescence, a sul)stance that tliti ants are fond 
of. The secretory patches are found on very different parts of 
the body and appendages. (Jlmrujer iestacciis is fed by the ants 
in the same way as these social Insects feed one anotlier ; the 
Clavigeo' has also been seen to eat the larvae of the ants. They 
ride about on the backs of the ants when so inclined. The 
family is allied to Staphylinidae, but is easily distinguished l)y 
the rigid abdomen. Only one larva — that of CJiennvwni Mthher- 
Gulatum — is known. It appears to be very similar to tl\e larvae 
of Staphylinidae. The best account of classification and structure 
is that given by M. Achille Eaffx'ay,^ wlio has himself discovered 
and described a large part of the known species. 

Fam. 19. Staphylinidae. — Mytnt mry short, Uavimg always 
some of the ahclominal segmemis exgmcd, and covering nsiudhj only 
two of the segments. Ahdofnen usually elongate, vntlh tern, dorsal, and 
seven or eight ventral segments ; of tie latter sue or seve7i a/remsually 
exgwsed ; the dorsal plates as hao'd as the venMml, except som etimes 
in the case of the first two segments ; the segments very 'mohile, so 
that the abdomen can he curled upwards. The nv/mher of tarsal 
joints very variaUe, often Jive, hut frequently as feta as three, and, 
7iot always the same 07i all the feet. Staphylinidae (formerly called 
Brachelytra or Microptera) is one of tlie most extensive of even 
the great families of Coleoptera ; notwithstanding their diversity, 
they may in nearly all cases Ije recognised by the more tlian 
usually mobile and uncovered abdomen, combined with the fact 
that the parts of the mouth are of the kind we have mentioned 
in Silphidae. The present state of the classification of this 
family has been recently discussed by Ga^glbal^er.^' At present 

^ Rev. ent. franc, ix. 1890. 

Die Kiifcr von Mitteleuroim : II. Familienreihe, Maphylinoidea. Vienna, 1895 
and 1899. 
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apparently secrete some substance with a flavour agreeable to the 
ants, which lick the beetles from time to time. On the other 
hand, the ants feed the beetles ; this they do by regurgitating 
food, at the request of the beetle, on to their lower lip, from which 
it is then taken by the beetle (Fig. 82). The beetles in many 
of their movements exactly resemble the ants, and their mode 
of requesting food, by stroking tlie ants in certain ways, is quite 
ant-like. So reciprocal is the friendship that if an ant is in 
want of food, the Zomecliusa will in its turn disgorge for the 
benefit of its host. The young of tlie beetles are reared in tlie 
nests by the ants, who attend to them as carefully as they do to 
their own young. The beetles have a great fondness for the 
ants, and prefer to sit amongst a crowd thereof; they are 
fond of the ants' larvae as food, and indeed eat them to a 
very large extent, even when their own young are receiving 
food from the ants. The larva of Zomecliusa, as descril)ed by 
Wasrnann (to whom we are indebted for most of our knowledge 
of this subject),^ when not fully grown, is very similar to the 
larvae of the ants ; although it possesses legs it scarcely uses 
them : its development takes place with extraordinary rapidity, 
two days, at most, being occupied in the egg, and tlie larva 
completing its growth in fourteen days. 'Wasmann seems to be 
of opinion that the ants scarcely distinguish between the beetle- 
larvae and their own young ; one unfortunate result for the Ijeetle 
follows from this, viz. that in the pupal state the treatment that 
is suitable for the ant -larvae does not agree with the beetle- 
larvae : the ants are in the habit of digging up their own kind 
and lifting them out and cleaning them during their meta- 
morphosis ; they also do this with the beetle-larvae, with fatal 
results ; so that only those that have the good fortune to lie 
forgotten by the ants complete their development. Thus from 
thirty Zomechusa larvae Wasmann obtained a single imago, and 
from fifty Atemeles larvae not even one. 

Many other Staphylinidae are exclusively attached to ants' 
nests, but most of them are either robbers, at warfere with the 
ants — as is the case with many species of Myrmeclonia that lurk 
about the outskirts of the nests — or are merely tolerated by the 
ants, not receiving any direct support from them. The most 

^ Vergleicliende Studien uber A^neisengdste, Nijliofl*, 1890 ; and Tijdschr. ent. 
x-xxiii. 1890, pp. 93, etc. ; Biol. Centralbl. xv. 1895, p. 632. 
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remarkable Staplijliiiidae yet discovered are some vivi])aroiis 
species, forming the genera Corotoca and S]yLraclhtha, tliat liave 
very swollen abdomens, and live in the nests of Termites in 
Brazil : ^ very little is, however, known about them. A very 
large and powerful Staphylinid, VeMeAdis dilcUatiis, lives only in 
the nests of hornets and wasps. It has been supposed to b(i a 
defender of the ilymenoptera, but the recent ol)sei’vations of 
Janet and Wasmann make it clear that this is not the case : tlie 
Velleius has the power of making itself disagrees, ])le to the 
hornets by some odour, and they do not seriously attack it. Th(i 
Velleius finds its mutri merit in larvae or 
pupae of the wasps that have fallen from 
their cells, or in other organic refuse. 

The larvae of Staphylinidae are very 
similar to those of Carabidae, but their 
legs are less perfect, and are terminated 
only by a single claw; there is no dis- 
tinct labrum. The pupae of some are 
obtected, i.e. covered by a secondary exu- 
dation that glues all the appendages 
together, and forms a hard coat, as in 
Lepidoptera. W e have about 800 species 
of Staphylinidae inBritain,and it is jirob- 
able that the family will prove one of the 
most extensive of the Order. It is prob- 
able that one hundred thousand s^jecies 
or even more are at present in existence. 

Fam. 20. Sphaeriidae. — Ve/ri/ 
minute. Antennae eleven-jointed, cluhled. 

'far si three-jointed. Abdomen with only 
three visible ventral segments. This family 
includes only three or four species of In- 
sects about They are 106.— /<Ma- 

very convex, and may be found walking huo of perfect Insect ; B, 

on mud. S. acaroides occurs in our iena. "PI'" 

larva Iroin side ; Jj, from 

Mr. Matthews considers that they are above ; E, pupa ; F, wing ; 

most nearly allied to Hydrophilidae.^ “'"s" 

Fam. 21. Trichopterygidae.-— minute: antennae 

1 Scliiodte, Aim. Sci. Nat. Zool. (4) v. 1857, p. 169. 

JBiol. Cmtr. Amcr. Gol. ii. pt. i. 1888, p. 156. 
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dctvicorn (hasal and apical joints tlhicher them middle j amts') ; tarsi 
three-jointed ; elytra sometimes covering ahelomen, in other cases 
leaving a variable number of segments exposed ; wings fringed. 
This family comprises the smallest Insects ; Nanosella f ungi being 
only of an inch long, while the largest Tiichopterygid is 
only of an inch. The small size is not accompanied by any 
degeneration of structure, the minute, almost invisible forms, having 
as much anatomical complexity as the largest Insects. A^ery little 
is known as to the natural history. Probably these Insects exist in 
all parts of the world, for we have about eiglity species in England, 
and Trichopterygidae are aj^parently numerous in the tropics.^ 
Fam. 22. Hydroscaphidae. — Extremdy minute agnatic Insects, 
toith elongate abdomen. Antennae eight -jointed. The other 
characters are much the same as those we have ineritioned for 
Trichopterygidae. The family is not likely to come before the 
student, as only three or four species from Southern Europe and 
l^Iorth America are known." 

Fam. 23. Corylophidae. — Minute beetles. Tarsi four-jointed, 
but appearing only three -jointed, owing to the hind joint bevug 
concealed by the emarginate {or notched) seamid joint, dlx free 
ventral segments. Maxillae with only one lobe. Antennae of 

peculiar form. There are about 
200 species of these little Insects, 
but the family is a|)])arently repre- 
sented all over tlie world, and will 
probably prove to be much more 
extensive. Tlie peculiar larva of 
Orthoperus brumivpes was found 
abundantly by l^erris in thatch in 
France. Mr. Matt lie ws proposes 
to sejjarate the genus Aphanoceph- 
alus as a distinct fiimily, l^seudocory- 
Pia. 107.— A, Larva of Orthoperus lophidae.'^ Ill Corylopliidae the 

manws, perfect Insect. Britain, wmgs are fringed witli long hairs, 

as is the case in so many small 
Insects : the species of Aplianoceplicdus are rallier larger Insects, 
and the wings are not fringed ; the tarsi are only threti-jointed. 

1 Monograph, Trichopterygia illustraUi, hy A. Matthews, London, 1872. 

2 Eor further information refer to Matthews, An Essay on. Hydroseapha, London, 

1876, 20 pp. 1 pi. 8 Ann. mu. JlisL (5) xix. 1887, p. 115. 
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. 108 . — Scajthlmnia agari- 
cinum. Britain. A 
Larva (after Perris) ; B 
perfect Insect. 


Fam, 24. ScapMdiidae. — IMrnt vmxte smcdl, eonicd imdliorax 
verij closely (vpydAM to the after-lody ; hind coxae transverse, v:ide]y 
separated : aMonien Qvith six or seven visiUe ventral pjlates ; 
antemia.e at ih.e extreviity with ahout five joints that become 
(jraducdly broader. Tarsi jive-jointed. This family consists of a 
few lieetles that live in fungi, and run with extreme rapidity ; 
tliey are all small, and usually rare in collections. Some of the 
exotic forms are remarkable for the ex- 
treme tenuity and fi'agility of tlie long V *\ / J 

antennae, which liear fine hairs. The TTm Y f 

numl)er of described species does not at X ■' 

present reach 200, but the family is very I IP^lXiA 

widely distrilmted. We have three or }\ 11 

four species in Kritain. All we know of ^ ^ 

the larvae is a description of that of \ 

Sca/phisoma ayaricinum by Perris;^ it is , 

TT T £• o. a T -1 ri(U08.— 

like the larva ot btaphylinidae, there are dnum. Britain, a 

nine abdominal segments in addition to a Larva (after Perns) ; B 
« perfect Insect. 

very short, broad pseudopod, and very short 

cerei. Odds larva feeds on agarics ; it goes through its development 

in about tliree weeks; unlike the adult it is not very active. 

Fam. 25. Synteliidae. — Antennae elavicorn, with very large 

ciid) : labium, with hypoglottis amd the ynvrts beyond it, ex^oosed. 

Front coxae transverse. Abdomen with jive visible ventral segments, 

and eight or nine dorsal, the based four of luhich are semi-corneous. 

This family includes only five species ; its clas- 

sification has given rise to much difference 

of opinion. We have, after consideration 

^11 characters, estahlished it as a 

distinct family allied to Silphidae. The 

perfect Insects live on the' sap running from 

|| I /k' r.';;* 1 trees: but nothing else is known of their 

history. Like so many others of 

the very small families of aberrant Cole- 

P n optera, it has a very wide distribution; 

Pm. i09.--Si/nieUa west- Syntelia being found in Eastern Asia and 

woodi. Mexico. (From Mexico, while the sub-family Sphaeritides 
Biol. Centr. Avier.) . , • • rri i 

occurs, as a single species, m Europe and 
N’orth America. The earlier instars are unknown. 


^ Licrves da CoUojjtercs, 1878, p. 11, pi. i- 


- Biol. Centr. Amer. Col. ii. pt. i . }}. 438. 
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Fam. 26. Histeridae. — Ve/ry eom/pact hcetleg, with vc/ry hard 
integument, short, lent antennae, with a very compact cluh : no 
hypoglottis, JElytra closely cqi-pliecl to body, but straight lehind, 
hewing two segrnents exposed. Abdomen vnth Jive visible ventral 
segments; with seven clorscd scAjments, all hard. Front coxae 
strongly transverse, hind coxae widely separeded. ,The extremely 
compact form, and hard integument, combined with the peculiar 
antennae — consisting of a long basal joint, six or seven .sinali 
joints, and then a. very solid chib of three joints covered with 

minute pubescence — render 
these Insects unmistakable. The 
colour is usually shining black, 
but tliere are numerous depar- 
tures from tills. The way in 
whifeh these Insects are put 
together so as to leave no chink 
in their hard exterior armour 
when in repose, is very remark- 
able. The mouth - parts are 
rather Iiiglily developed, and 
the family is entitled to a liigh 
rank ; it consists at present of 
about 2000 species ; ^ in Britain 
we have aliout 40. The larvae 
are without ocelli or labrum, 
but have well-developed mandi- 
bles, the second and third 
thoracic segments being short, 
the ninth segment of the abdomen terminal, with two distinctly 
jointed cerci.^ Histeridae are common in dung, in carcases, decay- 
ing fungi, etc., and some live under bark — these being, in the 
case of the genus Hololepta, very flat. Some are small cylinders, 
elaborately constructed, for entering ’the burrows of Insects in 
wood {Trypanaeus) \ a certain number are peculiar to ants’ nests. 
Formerly it was supposed that the Insects were nourished on 
the decaying substances, but it is now believed, with good reason, 
that they are eminently predaceous, in both larval and imaginal 

^ The family was monographed hy the Abbe de Marseiil in Ami. Soc. mi. France, 
1853-1862, but great additions have been made since then. 

^ Eor characters of larvae of various genera, see Perris, Larves, etc. p. 24. 



Fro. 110 . — Platysoma depress^im. Europe. 
A, Larva (after Schiodte) ; B, perfect 
Insect. 
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instars, and devour the larvae of Diptera, etc. The relations of the 
ants’-nest forms to the ants is not made out, but it is highly probable 
that they eat the ants' larvae, and furnish the ants with some 
dainty relish. A few species live in company with Termites. 

Fam. 27. Phalacridae. — Body mry oo‘mj)act ; elytra entirely 
covering it; a])ieal joints of antennae rather 
’broader^ nsnally long ; front coxae globular ; 
giosterior coxae contiguous ; abdomen with 
five visible ventral segments ; tarsi five- 
jointed, fo‘urtlh joint usually small and 
obscure. This family consists entirely of 
small Insects : the tarsal structure is very 
aberrant, and is also diverse, so that the 
student may without careful observation 
pass the Insects over as having only four- 
jointed tarsi ; their structure, so far as 
the front two jpairs are concerned, being 
very nearly that of many Pliytophaga. The larvae live in the 
heads of flowers, especially of the flowers of Compositae. Having 
bored their way down the steins, they pupate in earthen cocoons. 
1 that he has observed in favourable seasons 



Fig. 111.- 
Burope. 
Heeger) 


- Olihrus bicolor. 

A, Larva (after 

B, perfect Insect. 


Heeger *• says 


SIX 


generations ; but the larvae die readily in unfavourable seasons, 
and are destroyed in vast numbers when the meadows are 
mowed. Seven years ago very little was Iviiown as to the family, 
and the list of their species scarcely amounted to 100, but now 
proliably 300 are described. They occur in all parts of the 
world ; we have fourteen in Britain. 

Fam. 28. Nitidulidae. — Antennae with a three-jointed club; 
all the coxae separated, amd each 'ivith an external prolongation ; 
tarsi five-joirhted, the fourth joint smaller than any of the others ; 
abdomen with five visible plates. These Insects are numerous, 
about 1600 species being at present known ; in many of them 
the elytra nearly or quite cover the hind body, but in many 
others they are more or less abbreviated; in this case the 
Insects may be distinguished from Staphylinidae by the form 
of their antennae, and the smaller number of visible ventral seg- 
ments. The habits are very varied, a great many are found on 
flowers, others are attracted by the sap of trees ; some live in 
carcases. "We have about 90 species in Britain ; several forms of 
^ SB. Ak. Wien. xxiv. 1857, p. 330. 
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the Meligetlics and E]}uraca are among the most almndant 

of our beetles. Most of what is known a,s to the larvae is 
due to Perris ; several have been found living in flowers ; that 
of Fria haunts the flower of Solcmuin clidcavia/ni at the junction 
of the stamens with the corolla ; tlie larva of McVujetlie^ aentuB 
soinetiines occasions much loss by prevent- 
^ ¥ ing the formation of seed in cultivated 

V ^ Cruciferae, such as Piupe. Tliese floricoloxis 

larvae grow with gread rapidity, and then 
leave the flowers to pupate in the ground. 
J larva of Wdididct lives in carcases, 

^ though it is not very different from that 
(T „ \ of Fria, The larva of Eonmia lives in 

A B 

Pis. m..-rna Mamm-m. fermenting sap, and lia,s four Looks curv- 

Britain. A, Larva (after upwards at the extrcmitv of the body. 

Perris) ; B, perfect Insect. • 7-/77? • , 

Ihe curious genus Cgbo(u>g)IuUns consists 
of some very small, extremely convex Insects that live in flowers 
in Southern Europe; they have only four joints to the tarsi. 
The perfect Insects of the group Ipides are remarkable from 
having a stridulating organ on the front of the Iiead. Idle classi- 
fication of the well-known genus Bhizo 2 diagns has given rise to 
much discussion ; although now usually placed in Nitidulidae, 
we think it undoubtedly belongs to Cucujidae. 

Fam. 29. Trogositidae. — Differs from Nituhdidae in the struc-- 
ture of the tarsi ; these cifp'pear to he four- 
jointed, ivith the third joint similar i% ^ 

size and form to the ; they ^ 

are, hoioever, really five-jointed, an ex- " 

treinely short basal joint being present 

Hind coxae contiguous. The chib (f cash . /flfil w\ 

antenna is bilaterally asxjmmetric, and ■ |3r. ( /IN’H i 
the sensitive surface is confined to certain ^ j iljl'i \ -■ 

parts of the joints. There are some 400 - b3 --" ^ Illlt iW ^ 

or 5 0 0 species of Trogositidae, but nearly ^ 
all of them are exotic. The larvae (Fig. ^ 

113, A), are predaceous, destroying other Fra. coemUa, 

larvae m large numbers, and it is pro- insect, 

bable that the images do the same. 

The larva of Tenebroides (better known as Trogosita) raanritanica 
is found in corn and flour, and is said to have sometimes been very 


V 


POLYMORPHA TROGOSITIDAE COLYDirDAE 


o 


injurious by eating the embryo of the corn, l)ut it is ascertained 
that it also devours certain other larvae tliat livti on the corn. 
This Ijeetle has been carried a])oiit by coininerce, and is now nejirly 
cosmopolitan. Our three British species of Trogositidae repre- 
sent the three chief divisions of the family, viz. Nemosomides, 
Temnochilides, Pedtides ; they are very dissimilar in form, tlie 
Peltides being oval, with retracted head. It is dou])tful whether 
the mem])ers of the latter group are carnivorous in any of their 
stages; it is more prol)able that they live on the fungi they 
frequent, l^eltidae stand as a distinct family in ma,ny works.^ 
Fam. 30. Colydiidae. — Antennae with a terminal cl ah, tarsi 
four -jointed, none of the Joints Iroacl ; front and oniddk coxae 
small, (jlohose, embedded ; hind eoxa.6 transverse, either contig'iams or 
se2)a.rated ; five visible ventred segments, several of which ha.ve no 
^movement. This is a family of interest, owing to tlie great diver- 
sity of form, to the extraordinary sculpture and clothing exhil)ited 
by many of its members, and to the fact that most of its members 
are attached to the primitive forests, and disapp>ear entirely 
when these are destroyed. We have fifteen species in Britain, 
but about half of them are of the greatest rarity. There are 
about 600 species known at present; New Zealand has produced 

the greatest variety of forms ; the forests 
of Teneriffe are rich in the genus Tar- 
fhiiis. The sedentary lives of many of 
these beetles are very remarkable ; the 
creatures concealing themsedves in the 
crannies of fungus-covered wood, and 
scarcely ever leaving their retreats, so 
that it is the rarest circumstance to find 
them at any distance from their homes. 
Langelandia ano'jfiUhalma lives entirely 
r-xG. crenatcL. Underground and is quite blind, tlie 

Bfitaiu. A, Larva (after Jobes being absent. Some Coly- 

diidae are more active, and enter the 
burrows of wood-boring Insects to destroy the larvae {(Jolydimn). 
Few of the larvae are known ; but all appear to liave the body 
terminated by peculiar hard corneous processes, as is the case 
with a great variety of Coleopterous larvae tliat live in wood.^ 

^ Catalogue of Trogositidae, by Loveille, in Ann. Boc. ent. France, 1888, p. 429. 
BYr classification, see Sliarp, JBiol. Gcntr. 'Amer. Col, ii. pt. i. 1894, p. 443. 
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Fam. 31. Rhysodidae. — Tarsi foun^ -jointed ; rn.ontlh-j)arts 
covered by the large mentim, ; fi^ont tibiae notcJisd on ili.e inner 
edge. This family consists only of a few species, hut is found 
nearly all over the world in the warm and temperate regions. 
In many of their characters they resemble the Adephaga, hut are 
very different in appearance and in the mouth. The larvae are 
not known. Some authorities think these Insects should he 
placed in tlie series Adephaga,^ but it is more prol)able that tliey 
will prove to be amongst the numerous aberrant forms of Coleop- 
tera that approach the various large natural series, without 
really belonging to them: The three families, Colydiidae, Cucu- 
jidae, and Ehysodidae, exhibit relations not only with other 
families of the Coleoptera Polymorpha, but also with most of the 
great series; Adephaga, Ehynchophora, Phytophaga, and Pletero- 
mera, being each closely approached. 

Fam. 32. Cucujidae. — Tarsi five- or four-jointed, the first 
joint often short : antennae sometimes clubbed, but more often 
guite thin at the tip ; front and middle coxae deeply embedded, 
globular, hit with an angular prolongation externally ; addomen 
with five visible ventral segments^ cdl movMe. This family and 

the Cryptophagidae are amongst the 
most difficult hirnilies to define ; 
indeed it is in this portion of the 
Clavicorns tliat an extended and 
thorough study is most urgently 
required. The Cucujidae include a 
great diversity of forms ; they are 
mostly found under tlie bark of trees, 
and many of them are very flat. 
Many of the larvae are also very 

Fig. ] 1^.— Brontes pianaUts. Britain, flat, but Perris says there is great 

A, Larva; B, pupa; C,- perfect ^ -x. • 

Insect. (A and B after Perris.) diversity ill their structure : tliey 

are probably chiefly carnivorous. 
There are about 400 species described ; we have nearly a score in 
Britain. 

The family Cupesidae of certain taxonomists must be at 
present associated with Cucujidae, though the first joint of the 
tarsus is elongate. 

^ See Ganglbauer, Kaf. Mitteleuropas, i. p. 53Q, as well as Leconte and Horn 
Classification, etc., x^. 130. 
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Fam. 33. Cryptophagidae. — Front and middle- coxae very 
sm all and dvejdy embedded; antennae with enlary'cd.- terrnviial joviUs ; 
tarsi Jive-jointed, the jmsterior sometimes in the Qn(d.e ovlij four - 
jointed; abdomen with Jive visible ventral segments, cajiable of 
'movement, the first much longer than any of the others. A small 
family composed of obscure forms of 
minute size, wliich apparently have 
mould-eating habits, though very little 
is known on this point, and several of .. 
the genera fAntherogdiagus, Telmato'phi- j 
Ins') are found chieliy on growing plants, -gplj 
especially in flowers. Although the 
imago of Anther of hag%is lives in flowers, y\/fe 
yet the larva has only been found in 1' 
tlie nests of bumble-bees ; there is Fig. \\^.-~Ory2to]i)h(ajm denta- 
reason for believing that the imago Perri|" 
makes use of the bee to transport 

it from the flowers it haunts to the nests in which it is to 
breed this it does by catching hold of the bee with its 
mandibles when the Ijee visits the flower in wliich the beetle is 
concealed. It is strange the beetle should adopt such a mode of 
getting to its future liome, for it has ample wings. We must 
presume that its senses and instinct permit it to recognise the 
bee, l)ut do not suffice to enable it to find the bee’s nest. Some 
of the larvae of the genus Cryptophagus are found abundantly in 
the nests of various wasps, where they aiB probably useful as 
scavengers, others occur in the nests of social caterpillars, and they 
are sometimes coimnon in loose straw ; this being the habitat in 
which Perris found the one we figure. 

Fam. 34. Helotidae. — Front and middle coxal cavities round, 
with searexly any angular prolongation externally ; all the coxae 
widely separated ; Jive visible ventral segments, all 7nohile. 
The Insects of this family are closely allied to Trogositidae 
and Nitidiilidae, and have the tarsal structure of the former 
family ; but the Helotidae are different in appearance from 
any members of either of these two families, and are readily 
distinguished by the coxal character. They are frequently 
classified with the Erotylidae, from whicli they differ by the 
differently shaped feet, especially by the diminished basal joint. 

^ Perris, Laymes, etc., p. 75. 
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There is hut one genus, and for a long time only two or three 
species were known, and were great rarities in collections; in 
the last few years the number has been raised to nearly fortyd 
They are remarkable beetles with oblong form, and a somewliat 
metallic upper surface, wliich is much sculptured, and possesses 
four yellow, smooth spots on the elytra. According to Mr. George 
Lewis they are found feeding at the running sap of trees, but the 
larvae are not known. Helotidae are peculiar to tlie Indo-Malayan 
region (including Japan) with one species in Eastern Africa. 

Fam. 35. Thorictidae. — Tar^i five-jointed, none of the joints 
hroad ; front coxae small, o-ather prominent, hut not at all trans- 
verse ; five visible ventral plates, all mobile ; nietasternnni very 
short ; antennae short, with a solid chib. Tliis little family, con- 
sisting of the genus Thorictiis, appears to be a distinct one, 
though the structure has only been very imperfectly studied. It 
is peculiar to the Mediterranean region, where the species live in 
ants’ nests. They appear to be on terms of great intimacy with 
the ants ; a favourite position of the beetle is on the scaije of the 
antenna of an ant ; here it hooks itself on firmly, and is carried 
about by the ant. Like so many other ants’-nest beetles, 
Thorictidae possess tufts of golden hair, which secrete some 
substance, the flavour of which is appreciated by the ants ; these 
tufts in Thorictidae are situated either at the hind angles of the 
pronotum, or on the under surface of the body on eacli side of the 
breast ; "Wasmann thinks that when the beetles are riding about, 



as above described, the ants liave then 
an opportunity of getting at the patches 
on the under surface. 

Fam. 36. Erotylidae. — Ta,rsi Jive- 
jointed, but loith the fourth usually very 
small, the first tlwee more or less broad 
and pubescent beneath. Antennae strongly 
clubbed. Front and middle coxal aceta- 
bula round, without angular prolongation 


Fig. 117.— Tritoma KjpusMata. oxterncdhj ; five visible ventral segments. 


Erotylidae. Bntain. A, Larva This is now a large aiid important family 
(after Perris) ; B, perfect Insect. ^ 

of about 1800 species, but it is chiefly 


exotic and tropical, its members haunting the fungoid growths 


^ Ritsema, Catalogue of Helota, Notes Leyden Mus. xiii. 1891, rn 223, and xv. 
1893, p. 160. 
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in i'oveatH. We have only six species in Britain, and the whole 
of Europ(3 ha,s only about two dozen, most of them insignificant 
(juid in the case of the Dacnides aberrant, approaching the 
Cryiitophfigidae very closely). The sub-family Langiiriides (quite 
wanting in Europe) consists of more elongate Insects, with front 
ac(dal)ula o];)en behind ; tliey liave different habits from Eroty- 
lid(‘.s proper ; some are known to live as larvae in the stems of 
lieihaceous plants. They possess a highly developed stridiilating 
orga,n on tlui front of the head. The Clavicorii rolymorpha are 
\'(‘ry closely connected witli the Phytopliaga by Languriides. 

Fain. 37, Mycetophagidae. — Tarsi four-jointed, slender, the 
frovi feet of the male only tJtree-jointed ; coxae oval, not dee-jply 
eudieilded ; aid omen witli Jive ventral seg- 
nw/Us, all movalle. A small family, of in- 
terest cliicdly because of the anomaly in the 
feet of tlie two sexes, for which it is iin- -r j 

poHsil.)le to assign any reason. The species 
ar<i small, uninteresting Insects that live 
chiefly on Cryptogams of various kinds, -iTp' ’■ 

cspcudally in connection with timber; the f 

larvae being uIho found there. There are ns.-Liturgus 
about a dozen species in Britain, and datics. Mycetophagidae. 
Ki-aiwly 100 are deRcribed from all the Ferris) jVf^erSisllt 
worhl Tiie Diphyllides, placed by Leconte 
and Horn in this family, seem to go better in Cryptophagidae. 

Fam. 38. Coccinellidae {Lady-lirds), — Tarsi a/pyarently three- 
jointed ; tJie first Pwo jomts pnl)esce7it leneath ; the third joint 
consisting rejdhj of two joints, the small true third joUit being 
insert (id nea/r tJoe base (f the seco7id joint, the uyyer surface of which 
is grooved, to receive it. Head niuch concealed by the thorax. 
Antc'nnae fechly clubbed. The lady-birds number fully 2000 
spec* it *B. The structure of their feet distinguishes them from 
nearly all other Coleoptera except Endomychidae, which are much 
less rotund in form, and have larger antennae. One genus of 
Kntloniychids— — bears, however, a singular resemblance 
to lady-birds, both in form and style of coloration. Several 
species of Coccinellidae are remarkable on account of the 
numerous variations in colour they present. Coccinellidae 
frequently miiltii)ly to an enormous . extent, and are of great 
value, as they destroy wholesale the plant -lice, scale -Insects, 
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and Acari that are so injurious to cultivated plants. They 
also eat various other soft-bodied Insects that attack plants. As 
they are excessively voracious, and are themselves singularly 
free from enemies and multiply with great rapidity, all these 
features of their economy render them of inestimable value to the 
agriculturist and horticulturist. The species of the sub-family 
Epilachnides. feed on plants, and one or two are occasionally in- 
jurious. The body-fluid of Coccinellidae has an unpleasant odour 
and taste. Many lady-birds have the power of exuding, when 
disturbed, small quantities of a yellow fluid. Lutz has sliown that 
this is not a special secretion, but an exudation of the fluid of 
the body that takes place through a small oriflce at the tip of 
the tibia, from pressure caused by contraction of the hodj and limb.^ 

The larvae are much more active than beetle-larvae usually 
are, and many of them are very conspicuous when running al)out 
on plants to Inmt their prey. They usually cast their skins 
three times, and sometimes concomitantly cliange a good deal iii 
colour and form ; the larval life does not usually exceed Ibur or 
five weeks ; at the end of which time the larVa suspends itself 
by the posterior extremity, which is glued l.)y a secretion to some 
object ; the larval skin is pushed back to the anal extremity, 
disclosing the pupa ; this differs in several respects from the 
usual pupa of beetles ; it is harder, and is coloured, frequently 
conspicuously spotted, and dehisces to allow the escape of the 
beetle, so that the metamorphosis is altogether more like that of 
Lepidoptera than that of Coleoptera. There is much variety in 
the larvae; some of them bear large, complexly-spined, projections; 
those of the group Scyinnites have small depressions on the 
surface, from which it has been asceiTained tliat waxy secre- 
tions exude ; but in Scymnus minimus no such excretions are 
formed. Certain species, when pupating, do not shuifle the skin to 
the extremity of the body, but retain it as a covering for the 
pupa. The laiwae that feed on plants are much less active than 
the predaceous forms. We are well supplied with Coccinellidae 
in Britain, forty species being known here. 

The systematic position of Coccinellidae amongst the Coleoptera 
has been for long a moot point. Formerly they were associated 
with various other beetles having three-jointed, or apparently 
three-jointed, feet, as a series with the name Trimera, or 
^ Zogl. Anz. xviii. 1895, p. 244. 
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Pseiidotriiiiera. But tliej are generally placed in the Glavicorn 
series, near Endomycliidae. Yerlioeff has recently made con- 
siderable morphological studies on the male genital organs of 
Coleoptera, and as the result, he concludes that Coceinellidae 
differ radically from all other Coleoptera as regards these 
structures, and he therefore treats them as a distinct series or 
sub-order, termed Siplionophora. The genus Litluy])hilu8 lias l)(3en 
considered doubtfully a member of Coceinellidae, as the tarsi 
possess only in a slight degree the shape characteristic of the 
family: Yerhoeff finds that they are truly Coceinellidae, forming 
a distinct division, Lithopliilini; and our little species of Cocciclnla, 
which have somewhat the same appearance as Lithopliilini, lie 
treats as another separate group, Coccidulini. 

Fam. 39. Endomychidae.^ — Tarsi ap;parently three-jointed, idie 
first two joints Iroad, the terminal joint elongate. ; a.t the base of 
the terminal joint there is, hoioever, a very small joint, so that the 
tarsi are lysemiotetramerons ; antennae rather large, ivitlb a large 
club ; laMwn not at all retracted behind the nientnm ; front and 
middle coxae globose ; abdomen %oith Jive movable ventral sogments, 
and a sixth more or less visible at the tig). This family includes 
a considerable diversity of elegant Insects that frequent fungoid 
growths on wood. It comprises at present fully 500 species, liut 
nearly the whole of them are exotic, and inha])it the tropical 
forests. We have only two British species, botli of which are 
now rarities, but aj)parently were much commoner at tlie 
beginning of the century. The larvae are 
broader than is usual in Coleoptera ; very 
few, however, are known. 

Fam. 40. Mycetaeidae. — Tarsi four- 
jointed, the first t%oo joints not very differeiit 
from the third, usually slender; abdomen 
with five visible ventral segments, which are 
movable ; front and middle coxae globular. 

The little Insects composing this family are 
by many placed as a division of Endomy- 
chidae, and Yerhoeff is of opinion that the 
group is an altogether artificial one ; hut we think, with Duval, 
it makes matters simpler to separate them. There are only 

^ Gerstaecker, Monographie der Eyidomychiden, Leipzig, 858, 1433 pp. Since this 
work was published, the species known have been multiplied two or three times. 



Fig. 119. 


■Mycetam hirta. 
Britain. A, J-jarva 
(after Blisson) ; B, per- 
fect Insect. 
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some forty or fifty species, found cliieiiy in Europe and North 
America. "Wo have three in Britain ; one of these, Mycetaea 
hirta is very common, and may be found in abundance in cellars 
in the heart of London, as well as elsewhere ; it is said to have 
injured the corks of wine-bottles, and to have caused leakage 
of the wine, hut we think that it perhaps only increases some 
previous deficiency in the corkage, for its natural food is fungoid 
matters. The larva is remarkable on account of the clubbed 


hairs at the sides of the body. 

Fam. 41. Latridiidae. — Tarsi three-jointed ; anterior coxal 
cavities romid, not 2 ^'i^olo')iged externally ; abdomen with five visible 
and mobile ventral segments. Yery small Insects, species of which 
are numerous in most parts of the world, the individuals being 
sometimes very abundant. The larvae (Fig. 120, A) are said by 
Perris to have the mandibles replaced by fleshy appendages. The 
pupa of Latridius is remarkable, on account of the nixmerous long 
hairs with heads instead of points; the larva of Gortiearia is 
very like that of Latridius, but some of the hairs are replaced by 
obconical projections. The sub-family Monotornides is by many 
treated as a distinct family ; they have the elytra truncate behind, 
exposing the pygidium, and the coxae are very small and very 
deeply embedded. Most of the Latridiidae are believed to live on 
fungoid matters ; species of Monotonia 
live in ants’ nests, but probably have 
no relations with the ants. A few \ I 

species of Latridiides proper also main- 1 

tain a similar life; Coluocera fo^nnicaria 
is said to be fond of the stores laid up n \\ 1 1 ) 

by Aphaenogaster structor in its nests, / A \\ rPh \ 

About 700 species are now known; ^ ' |m||W| 

scarcely any of the individuals are more ^ ^ ® 

than one-tenth of an inch long. We Fia. l2Q.~-~^Latridms mumtus. 
have about 40 species in Britain. The B^perfe^In8lct.” 

North American genus Stephostethus has 

the prosternum constructed behind the coxae, somewhat in the 
same manner as it is in the Rhynchophorous series of Coleoptera. 

Fam. 42. Adimeridae. — Tarsi appearing only two-jointed, 
a broad basal joint and an elongate clavj-bearing joint, bid betweeri 
the two there are two very small joints. This family consists 
only of the American genus Adimerns ; nothing is known of 
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Uie lil'c.-liistoiy of these sum, 11 Insects. Tliey are of some 
init^.rest, a,s tliis structure of tlie foot 
is not found, in any other beetles. 

Fam. 43. Dermestidae. — Tao'si 

JiTo-joviital ; antcm/iuie. usually short, 

V'UJh the. chil) frequently very large 
in q'mqjortlon, and with the. under 
Side oj the thorax hearing a. hollow 
jor -its reception. Front coxae rather 
long, uhlajue : hinil coxa, formed to 
receive the femur when in repose. 

A fumily of 300 or 400 species of 
small or moderate-sized l)eetles: the 121 .— setosus. Adi- 

, /. n T ^ merkke. A, the Insect; B, one 

Slll IclCO, USUaily covered with fine foot more enlarged. Mexico. From 

luiir, forming a pattern, or with ii. pt. i. 

scales. Byturus, tlie position of which has long been disputed, 

lias now been ])laced in tliis fimiily ; it has a more imperfectly 

formed prosternum, and tlie third and fourth joints of the tarsi 

kiTo. lu'olongtid as xnembraiioiis' lobes beneath ; the hind coxae leave 

the iemora quite free. Dermestidae in the larval state nearly all 

live, on dried animal matter, and are sometimes very destructive; 

some of them totally destroy zoological collections. They are 

V(uy remarkable on account of the complex 

clothing of hairs they bear ; they have good 

powers of locomotion, and many of them 

have a peculiar gait, running for a short 

distance, tlien stopping and vibrating some 

of their hairs with ’extreme rapidity. They 

exhibit great variety of form. Many of 

them are capable of supporting life for long 

periods on little or no food, and in such 

cases moult an increased number of times : 

pupation takes place in the larval skin. 

A7htkreynus faseiatus lias lieen reared in large 

numbers on a diet of dried borse-liair in 

Fr«. 122. —.yvmvir/w serm. furniture. The young larva of this species 

Jjarvm New Forest. , ^ , _ 7, t t . 

observed by the writer did not possess 
tliB remarkable, complex arrangement of hairs that appeared 
when it was further grown. The most curious of Dermestid 
larva(i is that of Tiresias s&rra, which lives amongst cobwebs in 
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old wood, aucl pro])ably feeds on the remains of Insects therein, 
perhaps not disdaining; the cobwebs themselves. Attention has 
been frequently called to the hairs of the larvae of these Insects, 
but they have never been adequately discussed, and their function 
is quite unknown. 

Fam. 44. Byrrhidae {Fill-heetles). — Oval or round, convex leetles; 
tarsi five-jointed, front coxae not exserted^ transverse ; hind coxa 
shielding the retracted femur. The whole of the ccpjpendages 
cajpalle of a eomgdete apposition to the hody. Although a small 
family of only 200 or 300 species, Byrrhidae are so hetero- 
geneous that no characteristic definition tliat will apply to 
all the sub-families can be framed. Very little is known as to 
their life -histories. Byrrhus pilula is one of our commonest 
beetles, and may be found crawling on paths in early spring 
even in towns ; it moves very slowly, and when disturbed, at 
once contracts the limbs so completely that it looks like an 
inanimate object. The larva is cylindrical, soft ; the protlioracic 
and last two abdominal segments are larger than the others, 
the last bearing two pseudopods ; its habits are unknown, and 
no good figure exists of it. 

The chief groups of Byrrhidae are Nosodendrides, Byrrhides 
(including Amphicyrtides), Limnichides, and Chelonariides. The 
first consists of species frequenting the exuding sap of trees; 
they have an unusually large mentum, abruptly clubbed antennae, 
and the head cannot be retracted and concealed. The genus 
Nosodendron seems to be distributed over a large part of the 
world. The Byrrhides have the antennae gradually thicker 
towards the tip, the mentum small, and the head and thorax so 
formed that the former can be perfectly retracted. The species 
are rather numerous, and are found in the northern and anti- 
podeal regions, being nearly completely absent from the tropics. 
The Limnichides are minute Insects living in very moist places ; 
they have small delicate antennae, which are imperfectly clubbed. 
The group is very widely distributed. 

The Chelonariides are a very peculiar form of Coleoptera : 
oval Insects of small size with the prothorax so formed that the 
head can be withdrawn under (rather than into) it, and then 
abruptly inflexed, so that the face then forms part of the under 
surface : the antennae have the basal three joints thicker than 
the others ; these being not in the least clubbed, but having the 
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joints so delicately connected that the orga,ns a, re rai*ely nn- 
iiiutilated. The modifications of the head and prothora,x are 
quite unlike those of other Byrrhidae, and if tlie Gheloiiariides 
do not form a distinct family, they should l.)e associa,ted with 
Bascillidae. IsTothing is kijown as to the eaaiier stages. They 
are chiefly tropical Insects, though cue species is found in ISTortli 
Aiiierica. 

Fam. 45. Oyathoceridae — Minute Insects of hroad form ; ])arts 
of the mouth concealed ; ctnUnnae foiur-joiiited ; tarsi not divided 
into joints ; iwosternmn small. The only species of this aberrant 
family, Cyathocerus horni, has been found in Central America. 
TTothing is known as to its life-history. 

Fam. 46. Georyssidae. — A^itennae short, chilled ; tarsi four- 
jointed ; ^rosternmn very small ; front coxae exserted, hut not 
contiguous. There are aljout two dozen species of these small 
beetles known. Our British Georyssus inygmxteus lives in extreiindy 
wet places, and covers itself with a coating of mud or fine sand 
so that it can only be detected when in movement. Nothing 
further is known a.s to its life-history or habits. Members of 
the genus have been detected in widely- separated x^arts of the 
globe. 

Fam. 47. Heteroceridae. — Lahrum and mandiMes projecting 
forwards; antennae shool, the terminal seven joints broad and short, 
forming a sort of broad serrate club ; legs armed with stout spines ; 
tao'si four-jointed. The Heteroceridae are small beetles covered 
with very dense but minute jjubescence ; they live in burrows 
among mud or sand in 'wet places, and are found in many j)arts 
of the world. They x:)ossess a stridulating organ in tlie form 
of a slightly elevated curved line on each side of the base of the 
abdomen, rubbed by the posterior femur. The larva, e live in the 
same places as the beetles; they have w'ell-developed thoracic 
legs, the mandibles are porrect, the three tlioracic segmentR 
ratlier large, and the body behind these becomes gradually 
narrower; they are believed to eat the mud amongst which 
tliey burrow. We have seven British sx)ecies of Hetero- 
ceridae. 

Fam. 48. Parnidae. — Prosternum, distinct in front of the coxae, 
usually elongate, behind forming a ^process received into a definite 
cavity on the mesosternum. ; head retractile, the mouth protected 
by the prostermam. Tarsi five - jointed, terminal joint long. 
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Although the characters of these Insects are not very different 
from those of Byrrhiclae, of Dascillidae, and even of certain 
Elateridae, there is practically but little difficulty in distinguish- 
ing Parnidae. They are of aquatic habits, though many, in tlie 
perfect state, frequently desert the waters. There are al)out 
300 or 400 species known, but the family is doubtless more 
extensive, as these small beetles attract but little notice. There 
are two groups: — 1. Parnides, in which the front coxae have a con- 
siderable transverse extension, the antennae are frecpiently short 
and of peculiar structure, and the body is usually clothed witli 
a peculiar, dense pubescence. 2. Elmides, with round front coxae, 
a bare, or feebly pubescent body, and simple antennae. Parnus 
is a genus commonly met with in Europe, and is less aquatic in 
habits than its congeners ; it is said to enter tlie water carrying 
with it a coating of air attaclied to its pubescence. Its larvae 
are not well known ; they live in damp earth near streams, and 
are said to much resemble the larvae of Elateridae. Potarriophilus 
muminatus has a very interesting larva, described by Dufour ; it 
lives on decaying wood in the Adour. It is remarkable from 
the ocelli being arranged so as to form an almost true eye on 
each side of the head ; there are eight pairs of abdominal 
spiracles, and also a pair on the mesothorax, though there are 
none on the pro- or meta-thorax ; each of tlie stigmata has four 
elongate sacs between it and the main tracheal tul )e ; the body 
is terminated by a process from which there can be protruded 
bunches of filamentous branchiae. The larvae of MacronycJius 
q^uadrituhereulatus is somewhat similar, though the features of its 
external structure are less remarkable. The Elmides live attaclied 
to stones in streams ; the larva is ratlier broad, fringed at the 
sides of the body, and bears behind three elegant sets of fine 
filamentous branchiae. The North American genus Psephenus 
is placed in Parnidae, though instead of five, the male has 
seven, the female six, visible ventral segments ; tlie larva is 
elliptical, with dilated margins to the body. Eriederich, has 
given,’- without mentioning any names, a detailed account 
of Brazilian Parnid larvae, that may perhaps be allied to 
Psephenus. 

Fam. 49. Derodontidae. — Tarsi five-jointed, slender, fourth 
joint rather small ; front coxae prominent and transversely pro- 
^ Stettin, ent. Zeit. xlii. 1881, 14 ). 104-112. 
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longed; middle coxae, small; ahdomcn five visihle scgineMts, 

all mobile, the first not elongated. One of the smallest and least 

known of the families of Goleoptera ; it 

consists of four or five species of small v \ / J 

Insects of the genera Derodontus and ^ \ / f 

Peltasticta, found in Horth America, I 1 

Europe, and Japan. The distinction of the 

fliniily from Cleridae is by no means cer- | 

tain; our Earopeaii Laricohius apparently 

possessing characters hut little different. | ffiil | 

Nothing is known as to the life-histories. Jk|1|w 

Fain. 50. Cioidae. — Small or minute. ( W||i||H|l l 

beetles; antennae short, terminal joints 

thicker; tarsi short, four -jointed ; anterior ^ A 

ctnd middle coxae small, oval, dec/ply ern- 

, ,1 n L 1 Fig. 123. — Derodo7Ui(<s mmn- 

bedded ; ctbdomen with five ventral seg- lattis. North America. 

orients, all onobile. The position of these 

obscure little Insects seems to be near Colydiidae and Crypt 0 - 

phagidae, thougli they are usually 
placed near Bostrichidae. So far as 
known, they all live in fungi, or in 
wood penetrated by fungoid growtlis. 
The cylindrical larvae live also in 
similar matter; they usually have the 
body terminated beliind by one or two 
hooks curved upwards; that of Gis 
mslliei (Fig. 124) has, instead of these 
hooks, a curious chitinous tube. About 
300 species .of the family are now 
known ; a score, or so, occurring in 
Britain. The Hawaiian Islands have 
a remarkably rich and varied fauna of 
Fia. 124. — dis Mellui. Martin- Cioidae. 

S ; k tova fi" terminai ^am. 51. Sphindidae.— This family 

portion of body of larva, of half a dozen sjiecies of rare and 
(After Co<iuereL) Small Insects, differs from Cioidae by 

the tarsi being five-jointed at any rate on the front and middle 
feet, ojjinions differing as to whether the number of joints of the 
hind tarsi is four or five. These Insects live in fungi growing 
in wood, e.g. Eeticularia hortensis, that are at first fJulpy and 
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afterwards become powder. The larvae of both of our British 
genera, Sphindus and Aspidipliorus, have been described by 
Perris, who considers them allied to the fungivorous Silphidae 
and Latridiidae. The systematic position of tliese Insects has 
been the subject of doubt since the days of Latreille. 

Fam. 52. Bostrichidae (Apatidae of some authors). — Tarsi 
five-jointed, hut the first joint very short and impeofieetly separated 
from the second; front coxae prominent, con- 
tiguous, very little extended transversely ; five 
visible ventral segments. The Bostrichidae 
attack dry wood, and sometimes in such 
large numbers that timber is entirely 
destroyed by them ; most of them make 
cylindrical burrows into the wood. The 
larvae have the posterior part of the 
body incurved, and resemble tlie wood- 
boring larvae of Anobiidae rather than 
the predaceous larvae of Cleridae. We 
follow Leconte and Horn in placing 
Lyctides as a division of Bostrichidae ; 
although differing very much in appear- 

fig. n5.-Apau cap^ccina. have similar habits aiid'larvae. 

Europe. A, Larva (after The typical Bostricliides are remarkable 
Perris) : B, perfect In- Pii- 

their variety 01 sculpture and for the 
shapes of the posterior part of tlie body ; 
this part is more or less conspicuously truncate, and furnished 
with small prominences. Dinapate wrightii, found in the stems 
of a species of Yucca in the Mojave desert of California, attains 
a length of nearly two inches ; its larva is extremely similar to 
that of A. capucina. Some of the forms {Fhonapate) stridulate 
in a manner peculiar to themselves, by rubbing tlie front leg 
against some projections at the hind angle of the pro thorax. Up- 
wards of 200 species of the family are known. In Britain we 
have only four small and aberrant forms. 

Fam. 53. Ptinidae. — Tarsi five-jointed, first joint not reduced 
in size, often longer than second; front and middle coxae small, 
not transversely extended, the former slightly prominent ; five 
visible ventral segments ; prosternum very short. Here are in- 
cluded two sub - families, Ptinides and Anobiides ; they are 
considered as distinct families by many authors, but in the 
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present imperfect state of knowledge ^ it is not necessitrj to treat 
them separately. Ptinidae are sonietimes very destnictive to dried 
animal matter, and attack specimens . in 
museums ; Anohiides bore into wood, and 
a];)parently emerge as perfect Insects only 
for a very brief period; Anotviiiii (Sito- 
clrepa) ])aniceum is, however, by no means 
restricted in its tastes ; it must possess 
extraordinary powers of digestion, as we 
have known it to pass several consecu- 
tive generations ozi a diet of opium ; it 
has also been reported to thrive 011 
tablets of dried compressed meat ; in 
India it is said to disintegrate books ; a 
more usual food of the Insect is, how- 
ever, hard biscuits ; weevilly biscuits are 
known to every sailor, and the so-called '' weevil ” is usually 
the larva of A, paniceum (Fig. 127, P). In the case of this Insect 
we have not detected more than one spiracle (situate on the 
first thoracic segment) ; the other known larvae of Anohiides are 
said to possess eight abdominal spiracles. The skeleton in some 



Pig. 120. — “ Bificiiit-weevil,” 
A nobiwni iKDiiccLUii. 




Fig. 127. —Early 
stages of Anolmmh 
jianicewni. A, Eggs, 
variable in form ; 
B, larva; C, pnpa; 
D, a s y m in e t r i o a 1 
processes terminat- 
ing body of pnpa. 
[This larva is pro- 
bal)ly tlie “liook- 
wonu ” of librar- 
ians]. 


of this sub-family is extremely modified, so as to allow the 
Insects to liack themselves up in repose ; the head is folded in 
over the chest, and a cavity existing on the breast is thus closed 
by the head; in this cavity the antennae and the prominent 
mouth-parts are received and protected ; tlie legs shut together 

^ It is jirobable that we do not know more than the fiftictli part of the existing 
.specie.s, most of which lead lives that render them very didicult to find. 
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in an ec[iially perfect manner, so that no roughness or chink 
remains, and the creature looks like a little hard seed. Anohium 
striatum is a common Insect in houses, and nrikes little round 
holes in furniture, which is then said to be '' worm-eaten/' A, 
(XestoMum) ' tessellat-u7}iy a much larger Insect, has proved very 
destructive to beams in churches, libraries, etc. These species 
are the “death-watches” or “greater 
death-watches ” that have been associated 
with the most ridiculous superstitions 
(as we have mentioned in ^^olume V., 
when speaking of the lesser death- 
watches, or Psocidae). The ticking of 
these Insects is really connected with sex, 
and is made by striking the head rapidly 
against the wood on which the Insect 
is standing. 

FIO. l2S.~JSctrephe..-, HngL 4 *^® anomalous gouus Ectfcjihes 

West Australia. (AUer (Pig. 128) is fouild ill ailts’ llCStS ill 
Westwood.) Australia. Westwood plp,ced it in Pti- 

nidae. Wasmann has recently treated it as a distinct family, 
Ectrephidae, associating it with Polyjplocotes and DiylocMes, and 
treating them as allied to Scydmaenidae. 

Fam. 54. Malacodermidae. — Seven {or even eu/ht) visible ven- 
tral se[/ments, the basal one not co-aclapted inform with the coxae; 
tarsi five-jointed. Integument softer thxin trnrnl, the 2 niTts of the 
body not accurately co-adapted. This important fiimily includes 
a variety of forms : viz. Lycides, Drilides, Lainpyrides, Telepho- 
rides; though they are very different in appearance, classifiers 
have not yet agreed on separating them as families. Of tliese 
the Lampyrides, or glow-worms, are of special interest, as most 
of their members give off a phosphorescent light when alive ; in 
many of them the female is apterous and like a larva, and then 
the light it gives is usually conspicuous, frecjiuently much more 
so than that of its mate ; in other cases the males are the most 
brilliant. The exact importance of these characters in the crea- 
tures' lives is not yet clear, but it appears probable that in the 
first class of cases the light of the female serves as an attraction 
to the male, while in the second class the very brilliant lights of 
the male serve as an amusement, or as an incitement to rivaliy 
amongst the individuals of this sex. The well-known fife-flies 
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{Lueiola) of Southern Europe are an example of the latter con- 
dition. They are gregarious, and on calm, Avarm nights crowds 
of them may Ije seen moving and sparkling in a cliarm- 
ing manner. These individuals are all, or m^arly all, males ; 
so rare indeed is the female that few entomologists liaxa^. even 
noticed it. The writer once assisted in a large gathering of 
LiicAolct italica in the Yal Anzasca, wliich consisted of many 
hundreds of specimens; all of those he caught, eitlier on the 
wing or displaying their lights on the huslies, were males, Init 
he found a solitary female on the ground. This sex ]_)()ssesses 
ordinary, small eyes instead of the ^ 
large, convex organs of the male, 
and its antennae and legs are 
much more feeble, so that though 
provided with elytra and wings 
it is altogether a more imper- ^ 
feet creature. Emery has given f 
an account of his observations IK 

and experiments on this Insect, M 

but they do not give any clear ^ ^ / 

idea as to the exact function of a Mm ^ 

the ligiit.^ In our British glow- w 

worm the female is entirely ajiter- ^ 

OUS^ lienee tlie name glow-worm 129. — Phenfiuden MeronymL Gor- 

—hut the male lias elytra and ^ Male ; B, female, l, l, Positions 
ample wings, and frequently flies ofhiminousspots; A-, wpiraclcH. About 

at night into lighted apartments. 

Although so little has been ascertained as to tlie light of Lampy- 
ridae, tliere are two facts that justify us in supposing that it is in 
some way of importance to the species. These are:' (1) that in a great 
many species the eyes have a magnificent * and unusual develop- 
ment ; (2) that the habits of the creatures are in nearly all cases 
nocturnal. It is true that the little FhosjAiaeMus liemiifUrus is 
said to he diurnal in habits, but it is altogether an exceptional 
form, being destitute of wings in both sexes, and possessed of 
only very feel^le light -giving powers, and we have, moreover, 
very little real knowledge as to its natural history ; it is said 

^ Bull. ent. ital. 1886, p. 406, and E%L Zeit. Stettin^ xliii. 1887, pp. 201-206. 
Emery doe.s not mention the name of the sx)eoies, but we it to be the 

common Italian fire-fly, Luciola italica. 
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that the female is of the utmost rarity, though the male is not 
uncommon. 

The nature of the luminosity of Lampyris has given rise 
to many contradictory statements ; the light looks somewhat 
like that given off by phosphorus, and is frequently spoken of 
as phosphorescence; hut luminescence is a better term. The 
egg, larva, pupa, and male are luminous as well as the female 
(at any rate in L. noctiluca ) ; the luminescence is, however, most 
marked in the female imago, in which it is concentrated near 
the extremity of the abdomen; here there are two strata of 
cells, and many fine capillary tracheae are scattered through the 
luminous substance. Wielowiejski concludes that the light- 
producing power is inherent in the cells of the luminous organ, 
and is produced by the slow oxidation of a substance formed 
under the influence of the nervous system. The cells are 
considered* to be essentially similar to those of the flit-body.^ 
The luminescence of Lampyridae is very intermittent, that is to 
say, it is subject to rapid diminutions and increases of its 
brilliancy ; various reasons have been assigned for tliis, but all 
are guesses, and all that can be said is that the changes are 
possibly due to diminution or increase of the air-supply in the 
luminous organ, but of the way in which this is controlled there 
seems to be no evidence. Considerable difference of opinion has 
existed as to the luminescence of the eggs of Zcmpyris, If it exist 
in the matter contained in the egg, it is evident that it is 
independent of the existence of tracheae or of a nervous system. 
Newport and others believed that the light given by the egg 
depended merely on matter on its exterior. The observations of 
Dubois ^ show, however, that it exists in the matter in the egg ; 
he has even found it in the interior of eggs that had been 
deposited unfertilised. 

Trom time to time, since the commencement of the nineteenth 
century, there have appeared imperfect accounts of extraordinary 
light-giving larvae found in South America, of various sizes, but 
attaining in some cases a length, it is said, of three inches ; they 
are reported as giving a strong red light from the two extremities 
of the body, and a green light from numerous points along the 

^ Zeitsclir. wiss. Zool. xxxvii. 1882, p. 354 ; also Emery, op. oit. xl. 1884, 
p. 338. For another theory as to the luminescence, see p. 259. 

^ Bull. Soc. Zool. France^ xii. 1887, p. 137, postea. 
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sides of the body, and hence are called, it is said, in Paraguay 
the railway-beetle. We may refer the reader to Haase’s pa-per ^ 
on the subject of these '' larvae,” as we can here only say that it 
appears probable that most of these creatures iiiay pro\'e to be 
adult females of the extraordinary group Phengodini, in which it 
would appear that the imago of the female sex is in a more larva- 
like state than it is in any other Insects. The males, liowever, 
are well- developed beetles ; unlike the males of Lampyrides, in 
general they have not peculiar eyes, but on the other hand they 
possess antennae which are amongst the most highly developed 
known, the joints being furnished on eacli side with a long 
appendage densely covered with pubescence of a remarkable 
character. There is no reason to doubt that Haase was correct 
in treating the Insect we figure (Pig. 129, B) as a perfect Insect; 
lie is, indeed, corroborated by Riley.^ The distinctions between the 
larva and female imago are that the latter has two claws on the 
feet instead of one, a greater number of joints in the antennae, 
and less imperfect eyes ; the female is in fact a larva, making a 
slightly greater cliange at the last ecdysis, than at those previous. 
It is much to be regretted that we have so very small a know- 
ledge of these most interesting Insects. Malacodormidae axe 
probably the most imperfect or primitive of all beetles, and it 
is a point of some interest to find that in one of tlieni the 
phenomena of metamorphosis are reduced in one sex to a 
minimum, while in the other they are — presuinably at least 
— normal in character. 

Hiimerous larvae of most extraordinary, though diverse, 
shapes, bearing long processes at the sides of the body, and 
having a head capable of complete withdrawal into a slender 
cavity of the thorax, have long been known in several parts of 
the world, and Dr. Willey recently found in New Britain a 
species having these body-processes articulated. Though they 
are doubtless larvae of Lampyrides, none of them have ever been 
reared or exactly identified. . 

A very remarkable Ceylonese Insect, Dioptoma adamsi 
Pascoe, is pjlaced in Lampyrides, but can scarcely belong there, as 
apparently it has hut five or six visible ventral segments ; this 
Insect has two pairs of eyes, a large pair, with coarse facets on 

^ Deutsche mt, Zeitschr. xxxii. 1888, pp. 145-167. 

- E%t. Mag. xxiv. 1887, p. 148. 
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the -ancler side of the head, and a moderate- sized pair with fine 
facets on the upper side. Nothing is known as to the habits of 
this curiosity, not even whether it is luminous in one or both sexes. 

It is believed that the perfect instar of Lampyrides takes no 
food at all. The larvae were formerly supposed to be vegetarian, 
but it appears probable that nearly all are carnivorous, the chief 
food being Molliisca either living or dead. The larvae are active, 
and in many species look almost as much like perfect Insects as 
do the images. 


The other divisions of Malacodermidae — Lycides, Drilides, 
Telephorides — also have predaceous, carnivorous larvae. All these 
groups are extensive. Though much neglected by collectors and 
naturalists, some 1500 species of the family Malacodermidae 
have been detected. We have about 50 in Britain, and many 
of them are amongst the most widely distributed and abundant 
of our native Insects. Thus, however near they may be to the 
primitive condition of Coleoptera, it is highly probable that they 
will continue to exist alongside of the primitive Cockroaches and 
Aptera, long after the more highly endowed forms of Insect-life 
have been extinguished wholesale by the operations of mankind 
on the face of the earth. 

Fam. 55. Melyridae (or Malachiidae). — Six visible and move- 
able ventral abdominal segments; the basal pa, rt more or less distinctly 

co-adapted with the coxae. These 
Insects are extremely numerous, 
but have been very little studied. 
In many works they are classified 
with Malacodermidae, but were 
correctly se^jarated by Leconte 
and Horn, and this view is also 
taken by Dr. Verhoeff, the latest 
investigator. The smaller num- 
ber of visible ventral segments 
appears to be due to a change 
at the base correlative with an 
adaptation between the base of 

Fig. \%o.-~-Maiacihms amms. Britain, the abdomen and the hind 
A, Larva (after Perris) : B, female rnt. i i. 

imago. coxae. The characters are singu- 

larly parallel with those of 
Silphidae ; but in Melyridae the antennae are filiform or serrate, 
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not clavate. The habits in the two families arc diffcn'ent, as the 
Melyridae are frequenters of flowers. Many of the Melyridae 
have the integument soft, but in the forms placed at the end 
of the family — e.g. Zygia — they are much firmer. Thus tliese 
Insects establish a transition from the Malacodermidae to ordi- 
nary Coleoptera. Although the images are believed to consume 
some products of the flowers they frequent, yet very little is 
really known, and it is not improbable that they are to some 
extent carnivorous. This is the case with the larvae that are known 
(Fig. 130, larva of Malacliius aeneus). These are said l)y I^erris 
to bear a great resemblance to those of the genus Tdtflwria, 
belonging to the Malacodermidae. 

Fam. 56. Cleridae. — Tarsi fire-jointed ; iut the iasal joint of 
the posterior very indistinct, usually very small above, and dosely 
united with the second by an oblique splice; the apices of joints 
two to four usually prolonged as membranous fiaps ; anterior coxae 
prominent, usually contiguous, rather large, but their cavities not 
prolonged externally; labial palpi ustially with large hatchet- 
shceped termhnal joint ; ventred segments five or six, very mobile.^ 
The Cleridae are very varied in form and colours ; the antennae 
are usually more or less clubbed at the tip, and not at all serrate, 
but in Cylidrus and a' few others they are not clubbed, and in 
Cylidrus have seven flattened jointvS. The student should be 
very cautious in deciding as to the number of joints in the feet 
in this family, as the small basal joint is often scarcely dis- 
tinguishable, owing to the obliteration of its suture with the 
second joint. The little Alpine Lctricohius has the anterior coxal 
cavities prolonged externally, and the coxae receive the femora to 
some extent, so that it connects Cleridae and Derodontidae. The 
Cleridae are jjredaceous, and their larvae are very active ; they 
are specially fond of wood-boring Insects ; that of Tillus elon- 
^< 7 ( 2 (Fig. 131) enters the hiixiows ot Ttilinus pectinicornis in 
searcli of the larva. The members of the grouj) Corynetides 
frequent animal matter, carcases, hones, etc., and, it is said, feed 
thereon, hut Perris's recent investigations ^ make it probable that 
the larvae really eat the innumerable Dipterous larvae found in 
such refuse; it is also said that the larvae of Cleridae spin 
cocoons for their metamorphosis ; but Perris has also shown 
that the larvae of Necrobia ruficollis really use the puparia formed 
^ Larves des ColeojpUres, 1878, p. 208. 



254 


COLEOPTERA 


CHAP. 


L 5 

r 'j 


r 

r 







Fig. 131. — Larv<a of TiJlus elonfjatus. 
(New Forest). A, Head ; B, front leg ; 
C, termination of the body, more mag- 
nified. 


by Diptera, -Some of the species of Necrolia have been spread 
by commercial intercourse, and jSf. riifi 2 ^es appears to be now one 
of the most cosmopolitan of Insects. The beautifully coloured 
Corynetes coeruleus is often found in our houses, and is useful, as 
it destroys the death-watches {AnoUum) that are sometimes very 
injurious. Trichodes apiarius, a very lively ^ coloured red and 
blue beetle, destroys the larvae of the honey-bee, and Lainpert 

has reared Trichodes alvearms 
from the nests of Chcdicodoma 
muraria, a mason-bee ; lie re- 
cords that one of its larvae, 
after being full grown, remained 
twenty - two months quiescent 
and then transformed to a pupa. 
Still more remarkable is a case 
of fasting of the larva of Tri- 
chodes (wimios recorded by 
Mayet ; ^ this Insect, in its 
immature form, destroys Acri- 
dium maroccanum ; a larva sent 
from Algeria to M. Mayet refused such food as was offered to 
it for a period of two and a half years, and then accepted 
mutton and beef as food ; after being fed for about a year and a 
half thereon, it died. Some Cleridae bear a great resemblance 
to Insects of other families, and it appears probable that tliey 
resemble in one or more points the Insects on which they feed. 
The species are now very numerous, about 1000 being known, 
but they are rare in collections ; in Britain we have only nine 
species, and some of them are now scarcely ever met with. 

Fam. 57. Lymexylonidae. — Elongate leetles, 'with soft integu- 
ments, front and middle coxae exserted, longitudinal in position; 
tarsi slender, fine- jointed ; antennae short, serrate, hid rather broad. 
Although there are only twenty or thirty species of this family, 
they occur in most parts of the world, and are remarkable on 
account of their habit of drilling cylindrical lioles in hard wood, 
after the manner of Anobiidae. The larva of Lymexylon narale was 
formerly very injurious to timber used for constructing ships, but 
of late years its ravages appear to have been of little importance. 
The genus Atractocerus consists of a few species of very abnormal 
^ Ann. Soc. ent. France, 1894, p. 7. 
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Coleoptera, tlie body being elongate and vermiform, the elytra 
reduced to small, functionless apx^endages, while the wings are 
ample, not folded, but traversed by strong longitudinal nervures, 
and with only one or two transverse nervures. Owing to the 
destruction of our forests the two British Lymexylonidae — L. 
navale and Ilylecoef/us dermestoicles — are now very rarely met 
with. 

Fam. 58. Dascillidae. — Small or moderate-sized beetles, %oitlh 
rather flimsy integuments, antennae either serrate, filiform, or 
even made flabellate by long appen- 
dages ; front coxae elongate, greatly 
exscTted ; abdomen %oitli five mobile 
ventral segments ; tarsi five-jointed. 

This is one of the most neglected 
and least known of all the families 
of Coleoptera, and one of the most 
difficult to classify ; though always 
placed amongst the Serricornia, it 
is more nearly allied to Parnidae 
and Byrrhidae, that are placed in 
Clavicornia, than it is to any of the 
ordinary families of Serricornia. It 
is probable that careful study will 
show that it is not natural as at present constituted, and that the 
old families, Dascillidae and Oyphonidae, now comprised in it, will 
have to be separated. Only about 400 species are at present 
known; but as nearly 100 of these have been detected in New 
Zealand, and 17 in Britain, doubtless the numbers in other 
parts of the world will prove very considerable, these Insects 
having been neglected on account of their unattractive exterior, 
and fragile structure. The few larvae known are of three or 
four kinds. That of Dascillus cervinus is subterranean, and is 
believed to live on roots ; in form it is somewhat like a Lamelli- 
corn larva, but is straight, and has a large head. Those of the 
Cyphonides are aquatic, and are remarkable for possessing antennae 
consisting of a great many joints (Pig. 132, A). Tournier 
describes tlie Ihrva of Helodes as possessing abdominal but not 
thoracic spiracles, and as breathing by coming to the surface of 
.the water and carrying down a bubble of air adhering to the 
posterior part of the body; the larva of Hydrocyphon (Fig. 132, A) 



Fig. 132. — Ilydrocy^phon deflexicollis. 
Britain. A, Larva (after Tournier) ; 
B, imago. 
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possesses several fiiiger-like pouches that can ]je exstiilpated at 
the end of the hodj. It is probable tliat these larvae are carni- 
vorous. The imago of this Insect abounds on the Ijushes along 
the banks of some of the rapid waters of Scotland ; according to 
Tournier, when alarmed, it enters the water and goes l)eneath it 
for shelter. The third form of larva belongs to the genus End- 
netus, it lives on fungoid matter on w^ood, and has ordinary 
antennae of only four joints.^ It is very douljtful whether 
Endnetus is related to other Dascyllidae ; some authorities indeed 
place it in Silphidae. 

Fam. 59. Rhipiceridae. — Tarsi five -jointed, furnished with 
a robust onychium (a, straight chitinous process bearing hairs) 

letiaeen the claws ; antennae of 

C'jiindricfQ iu 

Fig. 133. — ^A, Larva of Qallirhi^m dejecmi ^R'ly tniUCate behind, SO that 

(after Schiodte) ; B, Rhipicera mystadmu there appear to be Only eigllt 

male, Australia ; C, under side of its hind . P 

foot. abdominal segments, the ninth 

segment being so short as to 
look like an operculum at the extremity of the body. It lives 
in wood. 

Fam. 60. Elateridae (Clich-beetles). — Antenrtae more or less 
serrate along the inner margin, frequently pectinate, rarely 
filiform. Front coxae small, spherical. Thorax usually with, 
^ Perris, Ann. JSoc. ent. France (2) ix. 1851, p. 48. 
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hind angles more or less prolonged backioards ; ivith a ^ 

^process that can he received in, and usually can 
mesosternal cavity. Hind coxa ivith a ylate, above lahich th^ J 
can be received. Visible ventrcd segments usually five, O'U'ly 
terminal one being mobile. Tarsi five-jointed. This largo fa-i nily 
of Coleoptera comprises about 7000 
species. Most of them are readily 
known by their peculiar shape, and 
by their faculty of resting on the 
backj stretching themselves out 
fiat, and then suddenly going off 
with a click, and thus jerking 
themselves into the air. Some, 
however, do not possess this faculty, 
and certain of these are extremely 
difficult to recognise from a defi- 
nition of the hirnily. According 
to Bertkau^ our British Lacon 
murinus is provided near the I’emaL*- 

tip of the iip}per side of the ab- imago, 
donien with a pair of eversible 

glands, comparable with those that are better known in 
dopterous . larvae. He states that this Insect does not try 
to escape by leaping, but shams death and ‘^stinks awny itH 
enemy. The glands, it would appear, become exhausted aftcn' idni 
operation has loeen repeated many times. The extent of Llnr 1(^4 ip 
executed by click-beetles differs greatly; in some spcKiiciB it Ik 
very slight, and only just sufficient to turn the Insect riglit nidi^. 
up when it has been placed on its back. In some the 

Insects go through the clicking movements with little or no 
appreciable result in the way of consequent propulsion. Altliongh 
it is difficult to look on this clicking power as of very gren,t va l iui 
to the Elateridae, yet their organisation is profoundly modi fi(».d ho 
as to permit its accomplishment. The junction of the protli<»ra x 
with the after-body involves a large number of pieces wliicdi nro. 
all more or less changed, so that the joint is endowed with g'r(^n,i,c»r 
mobility than usual; while in the position of repose, on tlui otluo' 
hand, the two parts are firmly locked together. The thorario 
stigma is of a highly remarkable nature, and the extciiBivi*, 
^ Arch. JAaUirgcscli. xlviii. 1, 1882, p. 371. 
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membrane in which it is placed appears to be elastic. Although 
the mechanics of the act of leaping are still obscure, yet certain 
points are clear ; the prosternal process possesses a projection, or 
notch, on its upper surface near the tip ; as a preliniinary to 
leaping, this projection catches against the edge of the nieso- 
sternal cavity, and as long as this position is maintained the 
Insect is quiescent ; suddenly, however, the projection slips over 
the catch, and the prosternal process is driven with force and 
rapidity into the inesosternal cavity pressing against the front 
wall thereof, and so giving rise to the leap. 

Several larvae are well known ; indeed the wire-worms 
that are sometimes so abundant in cultivated places are larvae 
of Elateridae. In this instar the form is usually elongate and 
nearly cylindrical ; the thoracic segments differ but little from 
the others except that they bear rather short legs ; the skin 
is rather hard, and usually bears punctuation or sculpture ; 
the body frequently terminates in a very hard process, of 
irregular shape and bearing sculpture on its upper 

surface, while beneath it the prominent anal orifice is placed : this 
is sometimes furnished with hooks, the function of which has 
not yet been observed. The majority of tliese larvae live in 
decaying wood, but some are found in the earth ; as a rule the 
growth is extremely slow, and the life of ‘the larva may extend 
over two or more years. Some obscurity has prevailed as to their 
food ; it is now considered to be chiefly flesh, though some species 
probably attack decaying roots ; and it is understood that wire- 
worms destroy the living roots, or underground stems, of the crops 
they damage. Various kinds of Myriapods (see Vol. V. p. 29) are 
often called ''wire-worm,” but they may be recognised Ijy possessing 
more than six legs. The larvae of the genus Cardiojpliorus are very 
different, being remarkably elongate without the peculiar terminal 
structure, but apparently composed of twenty-three segments. 

The genus Fyrophorus includes some of the most remarkable 
of light-giving Insects. There are upwards of 100 species, 
exhibiting much diversity as to the luminous organs ; some 
are not luminous at all; but all are peculiar to the New World, 
with the exception that there may possibly be luminous species, 
allied to the American forms, in the Fiji Islands and the New 
Hebrides. In the tropics of America the Fyrojphorus, or Cuciijos, 
form one of the most remarkable of the natural phenomeiia. 
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The earliest European travellers in the iSTew World were so im- 
pressed by these Insects that descriptions of their wondrous display 
occupy a prominent position in the accounts of writers like Oviedo, 
whose works are nearly 400 years old. Only one of the species 
has, however, been investigated. JP. noctihcciis is one of the most 
abundant and largest of the Pyropliorus, and possesses on each side 
of tlie thorax a round polished space from which light is given 
forth ; these are the organs called eyes by the older writers. 
Besides these two eye-like lamps the Insect possesses a third 
source of light situate at the base of the ventral surface of the 
abdomen ; there is no trace of this latter lamp when the Insect 
is in repose ; but when on the wing the abdomen is bent away from 
the breast, and then this source of light is exposed ; hence, when 
flying, this central luminous body can be alternately displayed 
and concealed by means of slight movements of the abdomen. 
The young larva of P. noctilucus is luminous, having a light- 
giving centre at' the junction of the head and thorax ; the older 
larva has also numerous luminous points along 'the sides of the 
body near the spiracles. It is remarkable that there should 
be three successive seats of luminescence in the life of the same 
individual. The eggs too are said to be luminous. The light 
given off by these Insects is extremely pleasing, and is used by 
tlie natives on nocturnal excursions, and by the women for orna- 
ment. The structure of the light-organs is essentially similar 
to that of the Lampyridae. The light is said to be the most 
economical kno'^n ; all the energy that is used being converted 
into light, without any waste by the formation of heat or 
chemical rays. The subject has been investigated by Dubois/ who 
comes, however, to conclusions as to the physiology of the 
luminous processes different from those that have been reached 
by Wielowiejski and others in their investigations on Glow- 
worms. He considers that the light is produced by the reactions 
of two special substances, luciferase and luciferine. Luciferase 
is of the nature of an enzyme, and exists only in the luminous 
organs, in the form, it is supposed, of extremely minute granules. 
Luciferine exists in the blood ; and the light is actually evoked 
by the entry of blood into the luminous organ. 

We have given to this family the extension assigned to it by 

^ “ Les Rlaterides luniirieux,” Bull. Soc. Zool. France, xi. 1886 ; also Le^om 
de Bhysiologie gSndrale, Paris, 1898, and C.M. Ac. Sci. cxxiii. 1896, p. 653. 
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Schiodte. Leconte and Horn also adopt this view, except that 
they treat Throscides as a distinct family By most authors 
Eucnemides, Throscides, and Cebrionides are all considered dis- 
tinct families, hut at present it is almost impossible to separate 
them on satisfactory lines. The following table from Leconte 
and Horn exhibits the characters of the divisions so far as the 
imago is concerned : — 

Posterior coxae lamiiiate ; troclianters small. 

Labrmii concealed ; antennae somewhat distant from tlie eyes, tlieii* 
insertion narrowing the front . . . Eucnemides. 

Lal3riim visiljle, free ; antennae arising near the eyes under the frontal 
margin ...... Elate bides. 

Labrum transverse, connate with the front. 

Ventral segments six ; claws simple ; tibial spurs well developed. 

OEBRIOIvnDES. 

Ventral segments five ; claws serrate ; tibial spurs moderate. 

Perothopides. 

Posterior coxae not laminate ; trochanters of middle and j,)osteiior legs very 
long ....... Oebophytides. 


Throscides are considered to be distinguished by the 
mesosternmn being impressed on each side 
in front' for the accommodation of tlie 
posterior face of the front coxae. The 
genus Throscus has the antennae clavate. 
The classification of the Elaterides and 
these forms is a matter of the greatest 
difficulty, and, if the larvae are also 
considered, becomes even more complex. 
Cebrionid larvae are different from 
those of any of the other divisions, and 
possess laminate, not calliper-like, man- 
dibles. The larvae of Eucnemides (Fig. 
135) are very little known, but are 
liighly remarkable, inasmuch as it is 

u. sp. Hawaii. A, Upper niouth-opeiimg 

side ; B, under side : 5 5, ill some of them, and they have no legs. 

hearmore d. The other divisions possess very few species 

under side of terminal seg- compared with Elaterides. In Britain 
meiit , a, anus. ahout sixty species of Elate- 

rides, fonr of Throscides and three of Eucnemides ; Cerophytuin 
was probably a native many years ago. Neither Perothopides 
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nor Cebrionides are represented in oiir fauna ; the former of these 
two groups consists only of four or five North American species, 
and the Cerophytides are scarcely more numerous. 

Fam. 61. Buprestidae . — Antennae scfnate, nener elongate' 
])TothoT ax fitting closely to the afiter-loody, with a ^voeess received 
into Cl cavity of the mesosternum so as to per 7 nit of no movements 
of nutation. Five visible ventral segments, the fi^^st usually 
elongate, closely united with the second, the others mobile. Tamsi 
five-jowitecl, the fii'st four joints usucddy with membranous pads' 
beneath. This family is also of large extent, about 5000 species 
being known. Many of them are remarkable for the magnificence 
of tlieir colour, which is usually metallic, and often of the greatest 
brilliancy ; hence their wing-cases are 
used by our own species for adorn- 
ment. The elytra of the eastern kinds 
of the genus Sternocera are of a very 
brilliant green colour, and are used 
extensively as embroidery for the 
dresses of ladies ; the bronze elytra 
of JBuprestis (fEuehroinct) gigantea 
were used by the native chieftains in 
South America as leg -ornaments, a 
large number being strung so as to 
foriri a circlet. The integument of 
the Buprestidae is very thick and hard, 
so as to increase the resemblance to 
metal. The dorsal plates of the abdo- 
men are usually soft and colourless in 
beetles, but in Buprestidae they are 
often extremely brilliant. The metallic colour in these Insects is 
not due to pigment, but to the nature of the surface. Buprestidae 
appear to enjoy the hottest sunshine, and are found only where there 
is much summer heat. Australia a.nd Madagascar are very rich 
in species and in remarkable forms of the family, while in Britain 
we possess only ten species, all of which are of small size, and 
nearly all are excessively rare. The family is remarkably rich in 
fossil forms; no less than 28 percent of the Mesozoic beetles 
found by Heer in Switzerland are referred to Buprestidae. 

The larvae (Big. 136, A) find nourishment in living vegetable 
matter, the rule being th,at they form galleries in or under the 



Fig. 136. — A, Larva of JLnchroma 
goliath (after Scliiuclte) ; B, imago 
of J\Ielanoj)hila clecostigma. 
Europe, 
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bark of trees and bushes, or in roots thereof ; some inhal^it the 
steins of herbaceous plants and one or two of the smaller forms have 
been discovered to live in the parenchyma of leaves. A few are said 
to inhabit dead wood, and in Australia species of EtJum dwell in 
galls on various plants. Buprestid larvae are of very remarkable 
shape, the small head being almost entirely withdrawn into the 
very broad thorax, while the abdomen is slender.^ A few, how- 
ever, depart from this shape, and have the thoracic region but 
little or not at all broader than^ the other parts. The larvae of 
Juloclis — a genus that inhabits desert or arid regions — are 
covered with hair ; they have a great development of the 
mandibles ; it is believed that they are of subterranean habits, 
and that the mandibles are used for burrowing in the earth. 
Only the newly hatched larva is, however, known. 


Series IV. Heteromera. 

Tarsi of the front and middle legs with five, those of the hind 
legs with four, joints. 

. This series consists of some 14,000 or 15,000 species. 
Twelve or more families are recognised in it, but the majority of 
the species are placed in the one great family, Teuebrionidae. 
The number of visible ventral segments is nearly always five. 
Several of the families of the series are of doubtful validity ; 
indeed beyond that of Teuebrionidae the taxonomy of this series 
is scarcely more than a convention. The larvae may be con- 
sidered as belonging to three classes ; one in which the body is 
cylindrical and smooth and the integument harder tlian usual in 
larvae ; a second in which it is softer, and frequently possesses 
more or less distinct pseudopods, in addition to the six thoracic 
legs ; and a third group in which hypermetamorphosis prevails, 
the young larvae being the creatures long known as Triungulins, 
and living temporarily on the bodies of other Insects, so that 
they were formerly supposed to be parasites. 

^ It seems impossible to understand the morphology of the anterior segments by 
mere inspection ; the anterior spiracle^ being seated on the segment behind the 
broad thorax. Considerable difference of opinion has prevailed as to what is liead, 
what thorax ; the aid of embryology is necessary to settle the point. The larva 
described by Westwood (ifocZ:. Glassig. i. 1839, p. 229), and figured as probably 
Buprestis attenuata, is doubtless a Passalid. 
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Fam. 62 . Tenebrionidae. — Front coxae short, not ‘projecting 
from the camties, enclosed helmul. Feet destitute of lohed joints. 
Claws smooth. This is one of the largest families of Coleoptera, 
about 10,000 species being already known. A very large portion 
of the Tenebrionidae are entirely terrestrial, wings suitable for flight 
being absent, and the elytra frequently more or less soldered. Such 
forms are described in systematic works as apterous. Unfortiinately 
no coinprehensive study has 
ever been .made of the wings 
or their rudiments in these 
'' apterous forms.’’ ^ It is prob- 
able that the wings, or their 
rudiments or vestiges, always 
exist, but in various 'degrees of 
development according to the 
species, and that they are never 
used by the great majority of the 
terrestrial forms. Many of the eig. monitor. Europe, etc. a, 

T .. T . T Larva (meal - worm) : B, pupa (after 

wood - feeding Tenebrionidae, Schiddte) ; c, imago, 
and the genera usually placed 

at the end of the family, possess wings well adapted for flight 
The apterous forms are chiefly ground -beetles, living in dry 
places ; they are very numerous in Africa, California, and 
North Mexico. Their colour is nearly always black, and this is 
probably of some physiological importance ; the integuments are 
thick and hard, and if the wing-cases are taken off, it will be 
found that they are usually more or less yellow on the inner face, 
even wlien jet-black externally; the external skeleton is very closely 
fitted together, the parts that are covered consisting of very delicate 
membrane ; the transition between the hard and the membranous 
portions of the external skeleton is remarkably abrupt. These 
ground-Tenebrionidae form a very interesting study, though, on 
account of their unattractive appearance, they have not received ' 
the attention they deserve. 

Many of the Tenebrionidae, notwithstanding their dark 


^ Casey has examined the wings in the genus Blapstinus (an ‘‘apterous" 
genua), and found that the wings are extremely varied in development, according 
to the species ; in no case, however, did they appear to be capable of giving more 
than a laboured and feeble flight. — Ann. JSfew York Ac. v. 1890, p. 416. 

In Meodes^ though the meso- and meta-notum are formed of delicate membrane, 
the wings exist as minute flaps, requiring some examination for their detection. 
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colours, are diurnal in habits, and some of them run 
with extreme velocity in places so bare and desert that the 
means of existence of the Insects is a mystery. Most of the 
Tenebrionidae, however, shun the light. The food is usually 
vegetable matter, and it is apparently preferred in a very dry 
state. Mr. Gahan has recently recorded that in Fraogena 
the under surface of the head has the gular region striate for 
stridulating purposes. This is the only instance known of a 
voice -organ in this situation, and moreover is the only case 
in all the Tenebrionidae in which any sound-producing organ 
has been discovered. The larvae exhibit but little variety, tliey 
are elongate and cylindrical, with harder integument than is usual 
in Coleopterous larvae ; they have six thoracic legs, and at the 
under side of the posterior extremity the anus serves as a very 
short pseudopod. The resemblance of these larvae to those of 
Elateridae is considerable ; but though the body is terminated by 
one or two small processes, these never attain the complexity of 
the terminal segment of Elateridae. The common meal-worm — 
Le. the larva of Tenebrio molitor — is a very characteristic example 
of the group. The pupae are remarkable on account of peculiar 
projections, of varied and irregular form, that exist on the sides 
of the abdominal segments. Britain is very poor in these Insects ; 
our list of them scarcely attains the number of thirty species. 

Pam. 63. Cistelidae. — Claws comb-like. The very obscure 
beetles forming this family are only separated from Tenebrionidae 
on account of their pectinate claws. About 500 species of Cis- 
telidae are recorded ; the early instars, so far as known, do not 
differ from tliose of Tenebrionidae ; the larvae are believed to live 
on dead wood. 

Pam. 64. Lagriidae. — Anterior coxal cavities closed, tips of 
the front coxae free, claws smooth, penultimate joint of the tarsi 
broader, pubescent beneath. This family has very little to dis- 
tinguish it from Tenebrionidae, and the group Heterotarsini 
appears to connect the two. It is a small family of about 200 
species, widely distributed, and represented in Britain by one 
species, Lagria hirta. The early instars are similar to those of 
the Tenebrionidae, except that the larva is less retiring in its 
habits and wanders about on foliage : it is of broader form than 
that of most of the Tenebrionidae. The pupa has long projections 
at the sides of the abdominal segments. 
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Fam. 65. Othniidae. — Only about ten species are known of this 
dubious family. They are small Insects with weak integument, 
and are said by Leconte and Horn to be distinguisluul from 
“ degraded Tenebrionidae ” by the more mobile abdominal se^-- 
ments, the hind-margins of which are semi-membranous. The 
antennae are of the clubbed shape, characteristic of “ ClaYicornia/’ 
but this also occurs in numerous undoubted Tenebrionidae. 
Species of Otlinius ImYO. been found in Japan and Lorneo, as 
well as in North America. Nothing is known as to their 
metamorphoses. 

Fam. 66. ^ffigialitidae. — All the coxae very loidely separaied ; 
710 co-adaptation hetwee^i the sides of the abdome7i and the edyes of 
the wing-cases ; five ventral seg7mnts anid tip of a sixth visible. 
Two minute and rare Insects from North-West America constitute 
this family. It is distinguished from Pytliidae by the minute 
front coxae, widely separated, completely closed in, and deeply 
embedded in the prosternum. 

Fam. 67. Monommidae. — This is a small family of less than 
100 species, the members of which have the details of their 
external structure much modified, permitting the Insect to pack 
itself up in repose in a very perfect manner. They are of small 
size and oval form ; and are absent from Europe and the Anti- 
podes. Nothing appears to be known as to the metamorphosis. 

Fam. 68. Nilionidae. — Broad, circular Heteromer a, of moderate 
size, with the front coxae but little separated, and the anterior 
acetabula closed, though having the appearance of being open in 
consequence of the tiqys of the epiw.era being free. The inJUxed 
portion of the wi7ig -cases remarkably b7'oad. A small family of 
less than fifty species, found on fungi, chiefly in South America. 
The metamorphoses are not known. It is of very doubtful 
validity. 

Fam. 69. Melandryidae. — Head not constricted behind the 
eyes ; anterior acetabula not closed ; claws smooth. Prothorox broad 
behind. These are loosely -fitted-together Insects, of moderate 
or small size, frequenting dry wood or fungi. About 200 species 
are known, found chiefly in temperate regions. The few described 
larvae are rather varied in their details and cannot he generalised 
at present. The characters of the members of this family require 
fresh investigation. 

Fam. 70. Pytliidae. — Distinguished from Melandryidae by the 
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protliorax being narrow beliind. This is a small family of about 
100 species, found in temperate regions in connection with 
timber. The species of Ehinosimus have the head prolonged in 
front of the antennae so as to form a beak. The larva of Pytho 
dejyressus is flat and has parallel sides ; tlie iDody is terminated by 
two widely-separated sharp processes. It is found occasionally 
under the bark of firs in Scotland. 

Fam. 71. Pyrochroidae. — Differs from Melandryidae by the 
head forming a very narrow neck behind, and by the penultimate 
tarsal joints being broad. They are feeble Insects, though active 
on the wing. They are destitute of any of the various remark- 
able structures found in Mordellidae. Only about forty species 
are known, and the family is confined to the north temperate 
region, being best represented in Japan. PyrooProa ruhens is 
common in some parts of England; the larva is found under 
the bark of tree-stumps ; it is remarkably fiat, and has the eighth 
abdominal segment unusually long, while the ninth terminates 
the body in the form of two long sharp processes. 

Fam. 72. Anthicidae. — Eead with an abrupt narrow necJc ; 
protliorax narroioer than the elytra. Middle and hind coxae placed 
in definite acetcdmla, Claios simple. These little Insects are 
numerous in species ; they have little resemblance to Pyrochroidae, 
though the characters of the two families cause us to place 
them in proximity. There are about 1000 species known; 
though we have only about 12 in Eritain, they are very 
numerous in the Mediterranean region. The family Pedilidae 
of Lacordaire and some others is now merged in Anthicidae. 
Thomson and Champion, on the other hand, separate some very 
minute Insects to form the family Xylophilidae, on account of 
certain differences in the form of the abdomen and tarsi. The 
Xylophilidae live in dead wood ; the Anthicidae, on the surface of 
the earth, after the manner of ground-beetles ; very little is, 
however, known as to their natural history. 

Fam. 73. Oedemeridae. — Prothorax not forming sharp edges 
at the sides, head without a narrow 7iech Penultimate tarsal 
joint Iroad ; claws smooth. These Insects usually have a feeble 
integument, and bear a certain resemblance to Malacodermidae. 
Less than 500 species are known, but they are widely distri- 
buted, and occur in both temperate and tropical regions. The 
larvae live in old wood. JSfacerdes melanura is common on our 
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coasts, where its larva lives in timber cast up by the sea, or 
brought down by floods, and it 
is able to resist immersion by 
the tide. It is remarkable from 
the possession of five pairs of 
dorsal false feet on the anterior 
segments, and two pairs on 
the ventral aspect. In Asclera 
caerulea there are six dorsal and 
three ventral pairs of these re- 
markable pseudopods. We have 
six species of Oedemeridae in 
Britain, including Asclera as 'too 7 * t 

^ Eig. 138 . — Asclera caerulea. A, Larva; 

well as NacerdcS, B, pupa (after Scliiodte) ; C, imago. 

Fam. 74. Mordellidae (incl. Cambridge. 

RMpiphoridae). — Head peculiarly formed, rertex lobed or ridged 
behind, so that in extension it reposes on the front edge of the pro- 
notum ; capable of great inflection and then covering the pro sternum ; 
hind coxae with laminae forming a sharp edge behind, frequently 
very large. This family is a very distinct one, though it exhibits 
great variety. Lacordaire has pointed out that Ehipiphoridae 
cannot at present be satisfactorily distinguished from Mordellidae. 
Leconte and Horn separate the two by the fact that the sides 
of the prothorax form a sharp edge in Mordellidae, but not in 
Ehipiphoridae. A better character would perhaps be found by a 
study of the head, but as this would clearly result in a radical 
change in the composition of the two families it is preferable to 
treat them at present as only sub-families : if placed on a similar 
basis to the preceding families, the group would however form, 
not two, but several families. Besides the unusual shape of the 
head (Fig. 139, H) the ventral region of the body is remarkably 
formed, being very convex, and in many Mordellides terminating 
in a strong spinous process (Fig. 139, C). The elytra are, in 
several Ehipiphorids, of the groups Myoditini and Ehipidiini, 
reduced to a very small size, and the wings are not folded. The 
Mordellidae are remarkable for their activity; in the perfect 
state they usually frequent flowers, and fly and run with extreme 
rapidity. Mordellides are amongst the most numerous and 
abundant of the European Coleoptera, and in Britain the 
Anaspini swarm on the flowers of bushes and Umbelliferae. The 
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life-histories appear to he singularly varied; but iiiifortiiiiately 
they are incompletely known. The larvae of some of the 
Mordellids have been found in the stems of plants, and 
derive their nutriment therefrom. This is said by Schwarz 
to be undoubtedly the case with Mordellistena Jioridensis, 
Coquillett has found the larvae of M. pusiulatct in plant - stems 
under circumstances that render it highly probalde that they 
were feeding on a Lepidopterous larva contained in tlie stems ; 
and Osborn found a similar larva that was pretty certainly a 
Mordellisteoia, and fed voraciously on Dipterous larvae in the 
stems of a plant. The little that is known as to the meta- 


Fig. 139. — MordelU- 
ste7ia Jluridensis. 
America. (After 
Riley.) A, Larva; 
B, pupa ; C, imago ; 
D, outline of de- 
tached head of im- 
ago of M. puinilay 
to show the neck. 


morphoses of Mordella and Anaspis shows that they live in old 
wood, but does not make clear the nature of their food. 

Although it has been ascertained that the Ehipiphorides 
exhibit instances of remarkable metamorphosis, tlieir life- 
histories are still very imperfectly known. Dr. Chapman has 
ascertained some particulars as to Metoecus paradoxus, which has 
long been known to prey in the larval state on the larvae of the 
common social wasps.^ The eggs are apparently not deposited in 
the nests of the wasps, but in old wood. The young larva is a 
triungulin, similar to that of the Cantliaridae, we shall sub- 
sequently describe. It is not known how it makes its way to 
the wasps’ nests, but it is possible that when a wasp visits some 
old wood haunted by these larvae, some of them may attach 
themselves to it and be carried to the wasps’ nests. When 

^ Aim. Kat. Hist. (4) vi. 1870, p. 314; and Mag. xxvii. 1891, p. 18. 
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access is gained to tlie cells tlie little Metoccus x^ierces tlie skin of 
one of tlie wasxi-griibs, and entering in it feeds on tlie interior ; 
after it has increased in size it emerges, changes its skin, and 
assumes a different form and habits ; subsequently, as an external 
parasite, entirely devouring the wasp-larva, and then becoming a 
pupa, and finally a perfect Metoecus, in the cell of the wasp. The 
wasps, though they investigate the cells, do not a]3parently entertain 
any objection to the Metoecus, though there may be sometimes as 
many as twenty or thirty of the destroyers in a single nest. A 
few hours after the Metoeciis has become a winged Insect and has 
escaped from the cells, it aj)pears however, from the observations 
of Erne ^ on nests of was^is in captivity, that the wasps become 
hostile to the foreigners, and it is probable that in a state of 
nature these leave the nest as quickly as p>ossible. HJmenacUa 
flabellata, a genus allied to Metoecus, has been discovered by 
Chobaut to have a similar life-history, except that it attacks a 
solitary wasp of the genus Odynerus? An old record to the 
effect that a second species of Emenctdia, E. limaculata, lives in 
the stalks of Eryngium campesto-e, on the pith, is now thought to 
be erroneous. Fabre has found the larvae and pupae of another 
Ehij)iphorid in the cells of a bee, Halictus sexcinctus. 

The most remarkable of the Khipiphorids, from the point of 
view of its habits, is certainly Symdnts Uattaruin, which is now 
treated as the same as an Insect previously described by Thunberg 
from specimens found in amber and called Eipidius pectinicornis. 
This species is parasitic in cockroaches ; the male and female are 
very different, the former being an active winged Insect, while 
the female is worm-like, differing but little from the larva, and 
never leaving the body of the cockroach. It is to he regretted 
that the life-history is not better known. The species has been 
found on board ship in vessels coming from India ; the male has 
been met with in several European countries, but the female is 
excessively rare. 

Fam. 75. Oantharidae or Meloidae (^Blister-beetles, Oil-beetles). 
— Head with an abrupt neclc ; elytra and sides of the abdomen with- 
out any coadaptation ; each clav: of the feet with a long appendage 
closely applied beneath it. This distinct family consists of 
Heteromera with soft integument, and is remarkable for the fact 
that many of its members contain a substance that when extracted 
^ Mitt. Schweiz, cnt Ges. iv. 1876, p. 556. ^ A7m. Soc. ent. France, lx. 1891, p. 447. 
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and applied to the human skin, possesses the power of raising 
blisters. The life-histoiy is highly remarkable, the most complex 
forms of hyper-metamorphosis being exhibited. The species now 
known amount to about 1500; there can be no difficulty in 
recognising a member of the family by the above characters, 
except that in a very few cases each claw bears a projecting 
tooth, instead of an elongate appendage parallel with itself. The 
penultimate tarsal joint is scarcely ever broader than the pre- 
ceding ; the colour and style of markings are extremely varied. 
There are two very distinct sub - families, Cantharides and 
Meloides; the former are winged Insects, and are frequently 
found on flowers or foliage. The Meloides are wingless, and 
consequently terrestrial; they have a very short metasternum, 
so that the middle coxae touch the hind ; and they also have 
very peculiar wing-cases, one of the twm overlapping the other 
at the base ; in a few Meloids the wing - cases are merely 
rudiments. 

The post-embryonic development of these Insects is amongst 
the most remarkable of modern entomological discoveries. The 
first steps were made by hTewport in 1851,'^ and the subject 
has since been greatly advanced by Fabre, Eiley, and others. 
As an example of these peculiar histories, we may cite Eiley’s 
account^ of Ejpicaitta vittata (Fig. 140), a blister-beetle living 
at the expense of North American locusts of the genus Oalop- 
tenus. The locust lays its eggs underground, in masses sur- 
rounded by an irregular capsule, and the Upicauta deposits its 
eggs in spots frequented by the locust, but not in special 
proximity to the eggs thereof In a ‘few days tlie eggs of 
the blister-beetle hatch, giving rise to little larvae of the kind 
called triungulin (Fig. 140, A), because each leg is terminated by 
three tarsal spines or claws. In warm, sunny weather these 
triungulins become very active ; they run about on the surface 
of the ground exploring all its cracks, penetrating various spots 
and burrowing, till an egg-pod of the locust is met with; into 
this the triungulin at once eats its way, and commences to devour 
an egg. Should two or more triungulins enter the same egg-pod, 
battles occur till only one is left. After a few days passed in 

^ “On tlie Ratiiral History, Anatomy, and Development of the Oil-Beetle, 
Meloe,'' Tr. Linn. Soc. xx. 1851, p. 297 ; -and xxi. 1853, p. 167. 

2 Lep. U.S. ent. Commission, i. 1878, p. 297. 
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devouring a couple of eggs, the triungulin sheds its skin and 
appears as a different larva (Fig. 140, B), with soft skin, short 
legs, small eyes, and different form and proportions ; a second 
moult takes place after about a week, but is not accompanied by 
any very great change of form, though the larva is now curved, 
less active, and iii form like a larva of Scarabaeidae ; when 
another moult occurs the fourth instar appears as a stiU more 
helpless form of larva (Fig. 140, D), which increases rapidly 
in size, and when full grown leaves the remains of the egg-pod 



Fig. 140. — Hypermetamorpho.sis of Ejpicauta vittata. North America. (After Riley.) 
A, Young larva or triungulin ; B, Caraboid iiistar or second larva ; C, coarctate 
larva, or instar between the Scarabaeoid and Scolytoid larva ; D, Scarabaeoid larva, 
from which the Scolytoid, or sixth, instar differs but little ; E, pupa ,• P, imago. 

it has been living on, and forms a small cavity near by ; here it 
lies on one side motionless, hut gradually contracting, till the 
skin separates and is pushed down to the end of the body, dis- 
closing a completely helpless creature that has been variously 
called a semi-pupa, pseudo-pupa, or coarctate larva (Fig. 140, C) ; 
in this state the' winter is passed. In spring the skin of the 
coarctate larva bursts, and there crawls out of it a sixth instar 
which resembles the fourth (Fig. 140, D), except in the somewhat 
reduced size and greater whiteness. It is worthy of remark that 
the skin it has deserted retains its original form almost intact. 
In this sixth instar the larva is rather active and burrows about. 
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but does not take food, and in the course of a few days again moults 
and discloses the true pupa (Fig. 140, E). As usual in Coleoptera 
this instar lasts hut a short time, and in five or six days the perfect 
beetle appears (Fig. 140, F). It is extremely difficult to frame any 
explanation of this complex development ; there are, it will be 
noticed, no less than five stages interposed between the first 
larval instar and the pupal instar, and the creature assumes in 
the penultimate one a quasi-pupal state, to again quit it for 
a return to a previous state. It is possible to look on the 
triungulin and the pupal instars as special adaptations to external 
conditions ; but it is not possible to account for the interinediate 
instars in this way, and we must look on them as necessitated by 
the physiological processes going on internally. Nothing, how- 
ever, is known as to these. It may be well to mention that, 
after describing and figuring (loc. cit.) this series of instars, Riley 
changed his views as to their nomenclature.^ The following 
summary of the metamorphosis, to which we have added tlie two 
nomenclatures of Riley — the original one, when different from the 
amended one, being given in square brackets — may therefore be 
useful, viz. — Egg ; 1, triungulin-larva — moult ; 2, Caraboid la,rva 
[second larva, Caraboid stage] — moult ; 3, Scaral)aeoid larva 
[second larva, Scarabaeoid stage] — moult ; 4, Scarabaeoid lar va 
[second larva, ultimate stage] (large amount of food and inucli 
growth) — moult ; 5, coarctate larva [pseudo-pupa, or semi])upa] ; 
6, Scolytoid larva [third larva] (active, but little or no food taken) 
— moult ; 7, pupa — moult ; 8, perfect Insect. 

M. Fabre has succeeded in elucidating the history of Bikvrk 
hiomercdis, a Cantharid that lives at the expense of bees of the 
genus Antlio^liOTOb? The eggs of tlie Sitaris are deposited in 
the earth in close proximity to the entrances to the bees' nests, 
about August. They are very numerous, a single female pro- 
ducing, it is believed, upwards of 2000 eggs. In about a montli 
— towards the end of September — they hatch, producing a 
tiny triungulin of black colour ; the larvae do not, however, 
move away, but, without taking any food, hibernate, in a heap, 
remaining in this state till the following April or May, when 
they become active. Although they are close to the abodes of 
the bees they do not enter them, but seek to attach themselves 

^ Amer. Nat. xvii. 1883, p. 790. 

2 Eor illustration of this metamorphosis, see Tol. V. p. 159 of this work. 
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to any liairy objtjct that may come near them, and tlnrs a certain 
nuniber of them get on to tlie Ijodies of the Ant]ioj[)]t(mt and are 
carried to its nest. They attach themselves with equal readiness 
to any otlier hairy Insect, and it is probable that very large 
numbers perish in consequence of attaching themselves to the 
wrong Insects. The bee in question is a species that nests in 
the ground and forms cells, in each of which it places honey and 
lays an egg, finally closing the receptacle. It is wortliy of 
remark that in tlie case of the Anthophora observed by M. 
Fabre, the male appears about a month before the female, and it 
is probable that the vast majority of the predatory larvae attach 
themselves to the male, but afterwards seize a favourable 
opportunity, transfer themselves to the female, and so get 
carried to the cells of the bee. When she deposits an egg on 
the honey, the triimgulin glides from the body of the bee on to 
the egg, and remains perched thereon as on a raft, floating on 
the honey, and is then shut in by the bee closing the cell. This 
remarkable act of slipping on to the egg cannot be actually 
witnessed, but the experiments and observations of the French 
naturalist leave little room for doubt as to the matter really 
happening in the way described. The egg of the bee forms the 
first ]iutriment of the tiny triungulin, which spends about eight 
days in consuming its contents; never quitting it, because contact, 
with the surrounding honey is death to the little creature, which 
is entirely unfitted for living thereon. After this the triungulin 
undergoes a moult and appears as a very different creature, being 
now a sort of vesicle with the spiracles placed near the upper part ; 
so that it is admirably fitted for floating on the honey (Vol. V. 
Fig. 86, 10). In about forty days, that is, towards the middle 
of July, tlie honey is consumed, and the vesicular larva after a 
few days of repose changes to a pseudo-pupa (11 of the fig. 
cited) witliin the larval skin. After remaining in this state for 
about a month, some of the specimens go through the subsequent 
changes, and appear as perfect Insects in August or September. 
The majority delay this subsequent metamorphosis till the follow- 
ing spring, wintering as pseudo-pupae and continuing the series 
of changes in June of the following year ; at that time the pseudo- 
pupa returns to a larval form (12 of the fig. cited), differing com- 
paratively little from the second instar. The skin, though detached, 
is again not shed, so that this ultimate larva is enclosed in two 
VOL. VI T 
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dead skins ; in this curious envelope it turns round, and in a couple 
of days, having thus reversed its position, becomes lethargic and 
changes to the true pupa, and in about a month subsecjuent to 
this appears as a perfect Insect, at aljout the same time of the 
year as it would have done had only one year, instead of two, 
been occupied by its metamorphosis. M. Ihihre employs the 
term, third larva, for the instar designated by Eiley Scolytoid 
larva, but this is clearly an inconvenient mode of naming the 
instar. Sitaris humercdis is now very rare in Britain, ljut it 
seems formerly to have been more common, and it is not 
improbable that its triungulin may have been • the '' PedicAdus 
melittac” that was believed by Kirby to be a sort of bee-louse. 
Some species of the genus Meloe are still common in Britain, and 
the Insects may he seen with heavy distended abdomen grazing on 
herbage in the spring. The females are enormously prolific, a single 
one producing, it is believed, about 10,000 eggs. Meloe is also 
dependent on Anthojdi, ora, ami its life-history seems on the whole 
to be similar to that of Sitaris; the eggs are, however, not 
necessarily deposited in tlie neighbourliood of the bees’ nests, 
and the triungulins distribute themselves on all sorts of un- 
suitable Insects, so that it is j)ossible that not more than one in 
a thousand succeeds in getting access to the Antliopliora nest. It 
would be supposed that it would be a much lietter course for tliese 
bee-frequenting triungulins to act like those of PJjylcauta, and hunt 
for the prey they are to live on ; but it must l)e rememl;)ered tliat 
they cannot live on honey; the one tiny egg is tlieir ol)ject, {iiul 
this apparently can only be reached by the metliod indicated by 
Fabre. The history of these Insects certainly forms a most 
remarkably instructive chapter in the department of animal 
instinct, and it is a matter for surprise that it should not ytd 
have attracted the attention of comparative psychologists. The 
series of actions, to be performed once and once only in a 
lifetime by an uninstructed, inexperienced atom, is sudh that we 
should a i^riori have denounced it as an impossible means of 
existence, were it not shown that it is constantly siiccesslul. It 
is no wonder that the female Meloe produces 5000 times more 
eggs than are necessary to continue the species witliout diminu- 
tion ill the number of its individuals, for the first and most 
important act in the complex series of this life - history is 
accomplished by an extremely indiscriminating instinct ; the 
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newlj hatched Meloc. has to get 011 to the body of the female of 
one species of bee ; hut it lias no discriniination whatever (,)f the 
kind of olgect it requires, and as a matter of fact, passes with 
surprising rapidity on to any haiiy object tliat touches it ; hence 
ah enorinoiis majority of the young are wasted by getting on to 
nil sorts of other Insects ; these larvae have been found in 
numbers on hairy Coleoptera as well as on flies and bees of wrong 
kinds ; the writer has ascertained l)y experiment that a camel’s- 
hair brush is as eagerly seized, and passed 011 to, by the young 
Meloe as a living Insect is. 

The histories of several other Cantharids have been more or 
less completely discovered. Fabre has found the larva of 
Oerocorna scliaefferi attacking the stores of provisions laid up by 
a fossorial wasp of the genus Tacliytes, and consisting of 
Orthoptera of the family Mantidae. The student who wishes 
for further information may refer to M. Beauregard's work on 
this family.^ 

Some half-dozen species of the genixs Ce^licdooQi found in 
Siberia, Japan, and North America, have, by some authorities, 
been separated as the family Cephaloidae. Notliing is known 
as to tlie metamorphosis of these rare beetles ; and at present it 
is not necessary to distinguish them from Cantliaridie. 

Fam. 76. Trictenotomidae. — Large IleteQ^omera^with ];^owerful 
free 2')rojexting rncmdihles ; antennae long, Init with the terminal 
three joints short, with angular 2 ^'^'ojectio 7 is 071 07 be side. Tliis 
family includes only two genera and seven or eight species. 
They are very remarkable Insects ; Atitoe/rates aemca being three 
inches long. The family is of considerable interest, as it seems to 
have no aflinity witli any other Coleox^tera. The appearance of 
the species somewhat reminds one of Lucanidae, or Prionides ; 
but Trictenotomidae have even less relation to those beetles than 
tluy have to tlie members of the Heteromerous series. The 
Trictenotomidae appear to be found only in the primitive forests 
of the Indian and Indo-Malayan regions. Nothing is known as 
to their life-histories. 

^ Les Tnsrclcs Vvsiccmts, Paris 1890, 554 pp. Parts of this work were pre- 
viously pu]>lished in J. dc V Ancit. Fhys., xxi. xxii. xxiii. 1886 and 1887. 
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Series V. Phytophaga. 

Tarsi appareintly foicr-johited, the three hasal joints msualhj densely 
set with cushion-like jouhescence Ijeneatli ; the third joint 
different in form, being divided into two lobes, or grooved, 
on its wpfer surface so as to cdloio of the ffrurth joint being 
inserted near its base instead of at its extrem/ity. Head not 

■ forming a definite prolonged beak; its labrum visible, the 
fal'pi rarely (lind even then not comffetely) occhided %n the 
mouth. 

This great series of beetles includes something like oo,000 
species. It approaches, like all the other series, tlie Polymorpha, 
especially the family Erotylidae placed therein, but in the great 
majority of cases there is no difficulty in recognising its 
members. The tarsi have never the Heteronierous formula, the 
head is not constructed like that of Ithynchophora, nor the 
mouth and feet like those of Adepliaga ; the antennae are 
different from those of the Lamellieorns. The tarsi are really 
five-jointed, for careful inspection shows that the long claw-joint 
has at its extreme base a small nodule, which is undoubtedly 
the fourth joint (Fig. 142, B). In speaking of tlie joints it is, 
however, customary not to refer to this small and functionally 
useless joint at all, and to call the c^iw-joint the fourth ; wluui 
the little joint is referred to it may be called the true fourth 
joint. 

Hearty the whole of the enormous number of species of tins 
series are directly dependent on the vegetable kingdom for 
their nutriment; .they are therefore well styled Phytophaga. 
This term is, however, restricted by some systematists to the 
family we have called Chrysomelidae. Although tliere in 
enormous variety in this series, three families only can b(i at all 
naturally distinguished, and this with difficulty. Of these the 
Bruchidae are seed -feeders, the Chrysomelidae, as a rul(3, leaf- 
feeders, the Cerambycidae wood and stem-feeders. The number of 
exceptions to this rule is but small, though certain Cerambycidae 
and certain Chrysomelidae live on roots. 

Fam. 77. Bruchidae. — Prosternum extremely short ; in front 
perg)endicular ; behind the coxae, forming merely a transverse 
lamina ivith pointed extremity. Hind femora more or less 
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fMchened. This comparatively small family includes about 
700 species of small, uiiatti^active beetles. The larvae live in 
seeds ; hence some of the species are liable to be transported by 
means of commerce ; some of them do considerable injury ; peas 
and beans being specially subject to their attacks. They are 
able to complete their growth with a very small amount of 
nutriment, some of them consuming only a portion a little larger 
than themselves of a bean or pea. The larvae are fat maggots 
without legs, but Eiley has discovered that the young larvae of 
JBrucJbus 2 ^isi and B. fahae have, when first hatched, three pairs 
of legs which are subsequently lost. They also have peculiar 


Fig. 141. — Brnchus 
jyisi or pea-weevil. 
£ A, Young larva ; 

B,protlioracic spin- 
oiis process ; C, 
post-embryonic 
leg, greatly magiii- 
lied ; D, pea-pod, 

' witli tracks of 

entry ; E, portion 
of pod, with egg, 
and the subse- 
quently formed 
track, niagnilied ; 
^ F, imago. (After 

^ Riley.) 

F 



spinous pirocesses on the pronotum. Both of these characteristics 
may he correlative with the transient differences in the activities 
of the larva, for the little creature is not at first located in the 
pea, but mines a gallery in the pod, in which it moves about, 
subsequently entering the pea and losing its legs. There is a 
good deal of difference, in these respects between the two species 
— B. ^)isi and B. fahae — examined by Eiley, and as but little is 
known of the life-histories of other Bruchidae it is probable that 
still greater variety prevails. Heeger has found that Bruclms 
lentis sometimes requires two seeds to enable it to complete its 
growth ; it is, notwithstanding its legless state when half-grown, 
able to migrate by dropping to the earth, and dragging itself 
along by its mandibles till it comes to another pod into winch it 
bites its way. 

The family has, until recently, been placed in the Ehyncho- 
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phorous series, with which it has, however, no direct connection. 
On the other hand, it is so closely connected with Ohiysoinelidan 
that it is not possible to indicate good characters to distinguish 
the two at present. The Australian genus GctTX)Oflia(j%i$, and the 
large South American species of Caryohoriis appear to be quite 
indistinguishable as families, though Lacordaire and Ghapuis 
placed one in Eruchidae, the other in Chrysomelidae. Tlie 
definition we have given applies, therefore, to the nuijority of the 
family, but not to the aberrant forms just mentioned. The 
European genus TIroclon aj)pears to belong to Anthribidae, not to 
Eruchidae. The family Eruchidae is called Mylalnddae by some. 

Fam. 78. Chrysomelidae. — Antennae moderately long ; eyes 
moderately large, usually not at all surrounding the insertion of the 
antennae; uyiger surface usually hare, frequently Iriglitly coloured 
and shining. This enormous family comprises about 18,000 
species of beetles, in which the form and details of structure 
are very varied. No satisfactory character for distinguishing 

Chrysomelidae from Oeranibycidae lias 
yet been discovered, altliougli the two 
families are certainly distinct and 
natural. Most of the Chrysomelidae 
live on foliage ; few of them aic more 
than half an inch long, whereas tlie 
Cerambycidae are wood - feeders and 
usually of more elongate form and larger 
size. The potato beetle, or Colorado beetle, 
that occasioned so much destruction in 
North America some thirty years ago, and 
the introduction of which into Europe 
was anticipated with much dread, is a 
good example of the Chrysomelidae. The 
turnip flea, a tiny hopping beetle, is 
among the smallest forms of the family, 
and is a member of another very exten- 
sive subdivision of Chrysomelidae, viz. 
Halticides. The term Phytophaga is 
by many naturalists limited to Chrysomelidae, the Cerambycidae 
being excluded. The classification of the family is but little 
advanced, but , the enormous number of species of Chrysomelidae 
are placed in four divisions, viz. : — 



A 


Fig. 142. — Doryplwra, decem- 
lineata, tlie potato "beetle. 
North America. A, Imago ; 
B, hind -tarsus. 3, third 
joint ; 4, true tburtli joint ; 
5, so-called fourth joint. 
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Prothorax iiuicli narrower at tlie base tliau tlie elytra, and usually witli- 
out side-margins (raised edges). Sub-fani. 1. Eupoba ; witli three divisions, 

Sagrides, Donaciides, Criocerides. 

The basal ventral plates of the abdominal segments are somewhat shoi'tor 
in tlie middle than at the sides, the fourth one being often invisihle in the 
middle, while the fifth is very large. Sub-fani. 2. Camptosomes ; with six 
divisions, Megascelides, Megalojhdes, OlythrideSj.Cryptocejdialides, Chbimydes, 

Sph aerocar id es. 

Ill the other two groups there is no great disjiarity l)etweeii the fourth 
and fifth ventral plates. 

Prothorax not greatly narrower at the base than the elytra, and usually 
with distinct edges at the outsides. Sub-fani. 3. Cyclica ; with four divi- 
sions, Lamprosoniides, Eumolpides, Ohrysomelides, Galeriicides. 1 ^ 

P'ront of the head lient downwards or inflexed, so that the mouth is on 
the lower aspect. Antennae inserted close together on the most anterior 
j)art of the liead, so that they are more forward than the mouth. Sub-iam. 

4. Ceyptostomew ; with two divisions Hispid es, Cassidides. 

In the other three divisions the mouth is xdaced as usual, but the insertion 
of the antennae varies a good deal. 

The larvae of about 100 species of the family are known ; 
they are arranged in accordance with their habits, by Cbax:)iiis/ 
in six groups, viz. : 

1. Elongate larvae, living under water, and there undergoing their meta- 

morphosis. (Donaciides.) 

2. Larvae mining in leaves, and undergoing their metamorphosis in the 

leaf (Hispides and some Halticides.) 

3. Short convex larvae, frecpieutly with leathery and pigmented integuments, 

living exxiosed on plants. (Most of the Cyclica.) 

4. Larvae of short form ; covering the body with excrementitions matter. 

(Some Criocerides.) 

5. Peculiar larvae of short form, .spiny, and jirotecting their bodies by 

excrementitions matter attached by a special a]iparatUvS, the excrement 
itself being moditied so as to lie suitable for retention. (Cassidides.) 

6. Elongate, jiallid, larvae with curved abdomen ; living in sliell-like cases, 

and undergoing metamorphosis therein. (Most of the Camptosomes, 
the habits of which are known.) 

Though our knowledge of these larvae extends to only about 
100 out of 18,000 species, the above category by no means 
includes all the kinds of larvae ; Captain Xambeu having 
recently discovered that the larva of Ghrysoelms pretiosus lives in 
the earth feeding on roots after the manner of a Bhizotrogus 
larva, which it resembles. The larva of Hagra splenclida lives 


^ Genera dcs CoUo^yttres {Suites it Buff mi), x. Paris, 1874, p. 1.5. 
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inside the stems of Dioscorect hcdatas, in swellings; the group 
Sagrides, to which it belongs, is a very anomalous one. 

i. Eupoda. The beetles of the genus Donacia are of special 
interest. They form, with the genus Ilaemonia, a pcenliar group, 
well represented in Europe, and also in our own country. Tliey are 
all connected with aquatic plants, the sj^ecies of Ilacnionia liviiig 
entirely under water, while the Donacia live in the imago-state 
an aerial life ; though many of them enter tlie water with gi’cat 
readiness, and, it is said, are able to take wing from tlie surfarar 
The larvae live on the roots of aquatic plants, and derive not only 
nutriment but air therefrom ; they pass several months as pupa,e 
(or as resting larvae waiting for pupation), under water in cocoons 
which they construct, and which, incredible as it may seem, are 
•filled with air, not water. Exact details as to tlie construction 
of these cocoons are wanting. It was formerly absurdly suppostal 
that the larva swelled itself out to the si;!:e of the cocoon it was 
about to make, and so served as a mould, subst‘(]u(uit]y con- 
tracting. The observations of Schmidt-Schwedt ^ makt3 it, howtiver, 
more probable that the plant itself furnishes the air which, undcu; 
pressure of the water (so he supposes), fills the cocoon ; tlie larva 
wounds the root, piercing to an air-vessel and then (.‘onstriuits 
the cocoon on this spot, leaving to the last moine.nt a,n orifici3, 
according to Schmidt, as an exit for tlie water. The lai’va uses 
a similar artifice for obtaining air ; it has no gills, but is pro- 
vided near the extremity of the body with two sharp ehitinous 
processes which it drives into the root of tlie plant till it 
penetrates an air-vessel Schmidt thinks the processes serve as 
conduits to conduct the air to the tracheae, but Ilewitz tliinks 
the air enters the larva in a more normal manner, by means of a 
stigma placed at the base of the piercing process. A similar 
larva exists in Hamnonia ; which genus is additionally intcKisting 
from the fact that the imago lives entirely sulimerged. It is 
not known how it breathes. This genus is the only memlxu’ of 
the Chrysomelidae that does not possess tlie structure of the 
feet that is characteristic of the Phytophaga. Tlie late Professor 
Babington about sixty years ago found AT. curtisi at Cley on 
the Norfolk coast on submerged Fotamogeton 'jgectinatm, but it has 
not been met with there for a great many years. 

The larvae of Criocerides are of two kinds, in one of which the 
^ Berlin, cut. Zeit. 1887, p. 320, and 1889, p. 299. 
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body is peculiarly shaped in conformity with the curious habit 


of using the excrement as a covering. The larva is less elon- 



gate than usual, and has the anus placed on the upper surface, 
and formed so that the excrement when voided is pushed forward 
on to the Insect ; here it is retained by means of a slimy matter, 
and a thick coat entirely covering the creature, is ultimately 
formed. The larva of Lema melanoma is not uncommon about 
Caiiibridge, where it feeds on the leaves of growing corn. It is 
a remarkable fact that even in one genus the species have some 
of them this habit, but others not. The species of Grioceris 
living on lilies — 0. nnerdigera, 
c.g. — are noted for possessing it ; 
while 0. asj) (tragi does not pro- 
tect itself in this way, but emits 
fluid from its mouth when dis- 
turbed. This larva is a serious 
nuisance in some localities to the 
cultivators of asparagus. The 
eggs are deposited on the stems 
of the plant — as shown in our 
figure — sometimes in great num- 
bers. 

The perfect Insects of many 
of the Criocerides possess a stridu- 
lating organ. ” Two contiguous 
areas at the base of the last 
dorsal segment, where they can 
be rubbed by the tips of the 
elytra, are slightly elevated and 
bear • very close and fine straight 
lines. 

ii. The Camptosomes, as we have already noticed, are distin- 
guished by a peculiar structure of the abdomen. This character 
appears to be connected with a very remarkable habit, viz. the 
formation of a case to envelop the egg. The tip of the abdomen 
is somewhat curved downwards, and, in the female, bears a 
hollow near the extremity ; when an egg is extruded the female 
holds it in this hollow by means of 'the hind legs, and 
envelops it with a covering said to be 'excrementitious. When 
the larva hatches, it remains within this case, and subse- 


B 



Fig. 143. — Crioceris a^imragi. A, Eggs 
in position on stem of asparagus ; B, 
one egg mncli enlarged ; C, young 
larva. Cambridge. 
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quently enlarges it by additions from its own body. The 
beautiful Insects of the genus which is fairly 

well represented in Britain, belong to this division. The 
exotic group Megalopodes is incorrectly placed in Camptosoines ; 
the side pieces of the prothorax meet in it behind the middle 
coxae, as they do in Bhynchophora. The species of Megalopodes 
stridulate by means of an area on the base of tlie nieso-scutellurn 
rubbed by a ridge inside the pronotum, as in the Ceramljycidm. 

hi. The division Cyclica includes the great majority of Chryo- 
melidae; we have not less than 170 species in Britain. The 
larvae live, like those of Lepidoptera, at the expense of foliage, 
and the species frequently multiply to such an extent as to be 
injurious. Some of them are destroyed in great numbers Ijy 
Hymenopterous parasites, the Braconid genus Fc/rilit/m being one 
of the best known of these ; in some cases the parasite deposits 
its eggs in either the larva or perfect Insect of the beetle, and 
the metamorphoses of the parasites in the latter case are some- 
times, if not usually, completed, the larvae emerging from the 
living beetles for pupation. 

iv. The Cryptostom.es, though comparatively few in number 
of species, include some very remarkable beetles. Thcu’e are two 
groups, Hispides and Cassidides. The former are almost peculiar 
to the tropics and are not represented by ajiy speeit^s in the 
British fauna. The head in this, group is not concealed ; l)ut in 
the Cassidides the margins of the upper surface are more or less 
expanded, so that the head is usually completely hidden hy the 
expansion of the pronotum. Botli the groups are characterised 
by the antennae being inserted very near togetlier, a,nd by the 
short claw-joint of tlie feet. Bisipa is one of tlie most extensive 
of the numerous genera of Hispides, and is remarkal)le from the 
imago being covered on the surfiice with long, shar[) s])ines. But 
little is known as to the metamorphosis, beyond the fact already 
alluded to, that the larvae of several species mine the interior of 
leaves. Tlie larva of Hispa testacea, according to l*erris,^ makes 
use of the leaves of Cistus salvifolms in Southern Europe ; it is 
broad and fiat, and possessed of six sliort legs. The eggs are not 
deposited by the parents inside the leaves, hut are probably 
attached to various parts of the plant. After hatching, the young 
larva enters a leaf, and feeds on the parenchyma without rupturing 
^ Ann. Soc. Ziajr.i x. 1855, p. 260. 
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the epidermis ; hut when it has consumed about three-fourths of 
the soft interior of the leaf it ruptures the ej)iderniis of the upper 
surface, and seeks another leaf ; this found, it places itself on the 
midrib, tears the upper epidermis, and lodges itself in the leaf. 
In the case of this second leaf it attacks the parenchyma in the 
neighl.^ourhood of the petiole, and so forms an irregular tube 
which has an open mouth, the point of entry. In this tube it 
undergoes its inetaniorphosis. Each larva, it is said, always 
makes use of two leaves, and of two opposed leaves. A know- 
ledge of the habits of some of the larger of the exotic Hispides 
would be of much interest. 


A 


B 



Fig. 144. — Pupa of 
Cassiclid beetle 
(? A i d 0 in orpha 
sp.). A, With 
appendage ex- 
tended ; B, with 
tlie appendage re- 
posing on the back. 
New Britain. 


The Cassidides, in addition to the curious marginal expansion 
of their upper surface, have tlie power of withdrawing the head 
into the thorax, and hence they are often called shield or tortoise- 
beetles. They exhibit considerable variety in form and colour, 
and some of them display a peculiar metallic reflection of great 
delicacy and beauty ; this disappears entirely after death, but it 
may be restored by thoroughly moistening the dead Insect. The 
colour, therefore, probably dejiends on the presence of water in 
the integument. The larvae of Cassidides are * notorious on 
account of their habit of covering their bodies with dried 
excrement, for which purpose they are provided with a forked 
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process at the posterior extremity; this serves to place the pro- 
tecting matter in a proper position and to retain it there. The 
excrement assumes in various species forms so peculiar that they 
cannot be considered merely incidental. In several species this 
covering-matter is like lichen. This is the case with Dolicliotoma 
pcdmariLm, the larva of which has, in place of tlie usual fork, a 
more complex appendage on the back for the purpose of prepar- 
ing and retaining its peculiar costume. The pupae, too, some- 
times retain the larval skin. An extremely remarkaljle pupa of 
a Cassidid — possibly of the genus Asjndmmridha — was recently 
found by Dr. Arthur Willey in JSTew Britain (Fig. 144). The 
back of the pupa is covered with a comj)lex appendage, so that 
the creature has no resemblance to an Insect ; this appenda,ge is 
perhaps capable of being moved, or even extended (Fig. 144, A), 
during life. Whether it may be formed by the retention of 
portions of the moulted skins of the larva we cannot say witli 
certainty. 

The most remarkable of the Cassidid coverings yet discovered 
are those formed by certain small beetles of the tropical Ameri- 
can genus Pooyhyrasins, P. trlstis is apparently a common 
Insect at Bahia, where it lives on a cocoa-palm. The larva is 
short and broad, and completely covers itself with a v(:‘.i‘y dense 
coat of fibres, each many times the length of the l)ody, and 
elaborately curved so as to form a round nest under which the 
larva lives. On examination it is found that tliese long threads 
are all attached to the anal extremity of the Insect, and there 
seems no alternative to believing that each thread is formed l)y 
small pieces of fibre that have passed through the alinumtary canal, 
and are subsequently stuck together, end to end. The ])rocess of 
formincc these lono: fibres, each one from 



^5 

scores of 


these long fibres, each one 
pieces of excrement, and 


Eig. 145. — Nest of intes- 
tinally-made filaments 
under whicli th.e larva 
of Forphyraspis tristis fashion, 

' of a tiny bird's nest. 


giving 

them the appropriate curve, is truly }‘emark- 
able. The^ fibres nearest to tlie 1 jody of tlic 
larva are abruptly curled so as to fit exactly, 
and make an even surface ; but the outside 
fibres stand out in a somewlmt biisliy 
The construction is much like tliat 
Sehor Lacerda informed 


the writer that the larva makes a nest as soon as it is hatched. 
Another Porjohyraspis — jP. ^Ktlmarum—Aniii lieen recorded as 
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foriuiiig .similar nests 011 a species of ThTinax in St. Domingo. . 
Caiideze says ^ that when it has completed its growth the larva 
ejects on to the leaf a quantity of semi-liquid matter, and this, on 
drying, sticks the nest to the leaf, so that the metamorphosis is 
efiected under shelter. 

Fam. 79. Cerambycidae {Longicorns). — Form usually oblong, 
not mucJb curved hi outline at the sides; surface very frequently ren- 
dered dull by a very minute hairiness, which often forms a ^pattern ; 
antennae usually long, and their insertion much embraced by the 
eyes. This great family of beetles includes some 12,000 or 
13,000 known species. The elegance and variety of their forms 
and the charm of their colours have caused them to attract much 
attention, so that it is probable that a larger proportion of the 
existing species have been obtained than is the case in any other 
of the great families of Coleoptera. Still 
it is not likely that one-half of the living 
forms are known. It is not possible at 
present to point out any one character of 
importance to distinguish Cerambycidae 
from Chrysornelidae, though the members 
of the two larnilies have, as a rule, but 
little resemblance in external appearance. 

Most of them live on, or in, wood, though 
many are nourished in the stems of her- 
baceous plants. The larvae live a life of con- 
cealment, and are soft, whitish grubs with 

powerful mandibles, and usually with a comparatively small head, 
which is not much exserted from the thorax. Most of them are 
without legs, but a good many have three pairs of small legs, and 
there are numerous cases in which the surface of the body is 
furnished above or below with swellings believed to act as 
pseudopods (Fig. 84), and help the larvae to move about in their 
galleries ; but this is probably not the sole function of these 
organs, as their surface is varied in character, and often not of a 
kind that appears specially adapted to assist in locomotion. 
There is a slight general resemblance between the larvae of Ceram- 
bycidae and those of Buprestidae, and when the thorax, of a 
Longicorn larva is unusually broad, e.g, Astynomus, this similarity 
is very pronounced. 

^ Mem. Soc. LUgc, xvi. 1861, p. 387. 
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The modes of life of Gerambycid larvae exliibit considerable 
variety, and much perfection of instinct is displayed by tlie larvae, 
as well as by the mother beetles. The larvae of Ha^mnla ';[)oinilnca 
are common in certain woods in the South of England in tlie 
stems of aspen; they consume only a small quantity of the 
interior of the stem, and are prol^ably nourished by an afliux oi 
sap to the spot where they are situated. M(q)]dcUon villosum is 
called the oak-pruner in ]Srorth America. The parent beetle lays 
an egg near the axilla of a leaf-stalk or small stem, and tlui 
young larva enters this and feeds on the tender material ; as it 
grows it enters a larger limb, and makes an incision witliin this 
in such a inanner that the wood falls to the ground with the 
larva within it, the dead wood serving sul,)sequently as pabulum 
and as a shelter, within which tlie metaniorphosis is eoinpleted. 
The species of the American genus Oncidefes are called girdlers, 
because the parent beetle, after laying an egg in a small branch, 
girdles this round with a deep incision, so that the portion 
containing the larva sooner or later falls to tlie ground. The 
growth of a Longicorn larva frequently takes more than a year, 
and under certain circumstances it may be enormously prolonged. 
Monolbammus confusus has been known to issue from wocxlen 
furniture in a dwelling-house when the furniture was fifteim 
years old. Individuals of another Longicorn have issued from 
the wood of a talde, twenty and even twenty-eight years after tlie 
felling of the tree from which tlie furniture was made. Sereno 
Watson has related a case from which it appears probalde tliat 
the life of a Longicorn beetle extended over at lea-st forty-five 
yearsd It is generally assumed that the prolongation of life in 
these cases is due to the beetle resting quiescent for long after it 
has completed the metamorphosis. lieceiit knowledge, howevm*, 
renders it more probable that it is tlie larval life that is ])ro- 
longed; the larva continuing to feed, but gaining little or no 
nutriment from the dry wood in these unnatural conditions. Air. 
C. 0. Waterhouse had for some years a Longicorn larva und(ir 
observation, feeding in this way in the wood of a boot-tree tlie 
burrows in the wood contained a great deal of minute dust 
indicating that the larva passed much matter through the ali- 
mentary canal, probably with little result in the way of nutriinent 

^ Packard, 5tli Rej). U.S. JEnt. Comm. 1890, p. 689. 

Kot a growing tree, but tlie instrument used for stretching boots. 
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There are niiineroiis Longicorns that bear a grea,t reseiiil>la.nce 
in form and colour to Insects to which they are not related. 
Haensch ^ has noticed that species of the genus Odontocera 
reseni])le various liymenoptera, one species being called 0. 
Iraoonoides ; he also observed that these Hymenoptera - like 
Longicorns, instead of withdrawing their underwiiigs under the 
elytra as beetles generally do, vibrate them rapidly like Hymen- 
optera. A large number of Longicorns stiidulate loudly by rubbing 
a ridge inside the pronotiini on a highly specialised, striate surface 
at the base of the sciitellum, and therefore covered up when the 
Insect is contracted in repose. A few produce noise by rubbing 
the hind femora against the edges of the elytra, somewhat after 
the fashion of grasslioppers. In this case there appears to be 
comparatively little speciality of structure, the femora bearing, 
however, more or less distinct small granules. The species of the 
Hawaiian genus IHagithmysits produce sound in both these 
manners, the thoracic stridulating organ being l)eautifully de- 
veloped, while in some species the margin of the elytra and 
base of the femora are also well adapted for the purpose of sound- 
production, and in a few species of the genus there are also 
highly “developed stridulating surfaces on the hind and middle 
coxae. This is the only case in which a beetle is known to 
possess more than one set of sound-organs in the imago state. 

Three divisions of this family are distinguished, viz. — 

1. Front coxae large and transverse ; prothorax with distinct side mar- 
gins. ' Snb-him. 1. Prionides. 

2. Front coxae not greatly extended transversely, thorax not margined ; 

last joint of maxillary palpus not jminted, usually broader (more or less) 
than the preceding joint. Siib-fain. 2. Ger.xmbycides. 

3. Front coxae usually round and dcejdy embedded ; last joint of maxil- 

laiy paljms jiointed ; front tibiae with a more or less distinct, slanting groove 
on the inner side. Sub-fani. 3. Lamiides. 

The Prionides are on the average considerably larger in size 
than the members of the other divisions, and they include some of 
the largest of Insects. The Amazonian Titcmus gigcvriteus and the 
FijiaTi Macrotoma lieros are amongst the most gigantic. Some 
of the Prionides have a great development of^the mandibles in 
the male sex analogous to that we have already noticed in 
Lucanidae. The larvae of the large Prionides appear in various 
parts of the world to, have been a favourite food with native 
^ JBerlin. ent. Zeitschr, xli. 1896, SB. p. 22, 
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tribes, and Liimholz states that tliey are really good eating. 
Ill consequence of the destruction of forests that has progressed 
so largely of late years these gigantic Prionides have become 
much rarer. 

Several aberrant forms are included in Prionides. The genus 
Parandra has five-jointed tarsi; the third joint being rnucli smaller 
than usual, so that the fourth joint is not concealed by it. 
The Brazilian Hy;pocephcdus cmnatus was for long a subject of 
dispute as to its natural position, and was placed by different 
authorities in widely -separated families of Ooleoptera. The 
structure of this aberrant Longicorn seems to be only explicable 
on the hypothesis of warfare amongst the males. ^ Nothing is, 
however, known as to the habits and history of the Insect, and 
only one or two specimens of the female have yet been obtained. 

The family Spondylidae has been proposed for some of 
these aberrant Longicorns, but as it includes but very few, and 
highly discrepant, species, it is neither natural nor of much use 
for systematic purposes. 

The Lamiides are the most highly specialised division of the 
Longicorns, and includes the larger number of the spcicies. The 
front of the head is usually placed at riglit angles to the vertex, 
and in some cases (groups Hij)popsini, Spalacopsini) it is strongly 
indexed, so that the mouth is placed on the undc3r side of the 
head. The extension of the eyes round the antennae is accom- 
panied by very curious shapes of those organs,- and not 
infrequently each eye is divided into two more or less widely- 
separated parts, so that the Insect has, on the external surface, 
four eyes. 


Series VI. Rhynchophora. 

Head more or less prolonged in front to form a snout or Leak, called 
rostrum. Tarsi four -jointed, usimlly at least the third 
joint hroad and d^ensely pubescent beneath. 

This enormous series includes about 25,000 species, and as 
may well be imagined shows a great variety of structure amongst 
its forms. The vast majority may, however, be readily recognised 
by the two characters mentioned above. There are some cases in 
which the beak is indistinct, and others in which the tarsi axe 
^ Sharp, Ann. Soc. ent. J^elgique, xxyiii. 1884, OK. p. evii. 
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five-joilited {JDryo^'ilitliorus), and even slender (Platypides). In 
these cases a close examination shows that the gular region on 
the middle of the l)ack of the under surface of the head cannot 
be detected, and that the back of the prosternum is very strongly- 
consolidated by the side-pieces of the thorax meeting together 
and being very firmly joined behind the coxae. The beak is in 
the great majority perfectly distinct, though it varies so extremely 
in form that it can only be briefly described by saying that it is 
a prolongation of the head in front of the eyes, or that the 
antennae are inserted on its sides near to, or far from, the tip. 
It has been ascertained in many cases that tlie rostrum is used 
by the female to assist in placing the eggs in suitable places, a 
hole being bored with it ; in some 
cases it is also used to push the 
egg far into the hole in which it 
has previously been placed by 
the ovipositor ; but there are 
many forms in which it is fairly 
certain that it is not so used. 

What purpose it serves in the 
male is totally unknown. In 
many members of tlie series, the 
rostrum difiers in form in the 
two sexes, and in most, if not in 
all, these cases it is clear that the 
distinctions tend in the direction 
of making the beak of the female 
more efficient for the mechanical 
purpose we have mentioned. 

It was 'Leconte 

and Horn to separate this series 
from all the other Coleoptera as 
a primary division, and they 
looked on it as of lower or more 
imperfect structure, l^ackard has 
very properly protested against i^l.—EiignorisUs .monachus 9. 

this interpretation ; and there of pronotum, head, and rostrum, 
seems to be no reason whatever 

for considering the Rhynchophora as lower than other beetles ; 
indeed we should be inclined to x^ace such forms as Calandrides 
VOL. VI " u 
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amongst the most perfect of Insects ; tlieir external structure (as 
shown by Eugnoristus 'niooiaclms, Fig. 147) ])eing truly julniirable. 

Only four families of Eliyiichopliora can 1)6 at present 
accepted as satisfjictory ; one of tliese — Curcnlionidae — includes 
an enormous majority of the whole series. Thougli it is probable 
that it will ultimately be divided into several families, the 
attempts to that end that have already been made are not 


satisfectory. 

Fam. 80. Anthribidae. — Falgyi usucdly not covered, hut dis- 
tinct and JlexiUe. Antennae often long, not cdho'wed, the first joint 
not very long. Third joint of tarsus small, usually much concealed 
hy heing emhxiced hy the second joint. Ifyidiuni exposed; g)rO'' 
pygidium deeply grooved in the middle. This family includes 800 
or more species, which are mostly tropical ; it is very sparsely 
represented in the faunas of Europe and North America. It is 
quite distinct from Curcnlionidae with wliich it wa,s formerly 
associated. It contains many -graceful Insects having jr certain 
resemblance with Longicorns on account of the large development 
of the antennae. The habits and meta- 
morphoses are but little known. It 
seems probalde that ma,ny species find 
their nutriment in old wood or boletl 
The larvae of some genera, ((Jndoparis 
and Araeocerus) liave legs, hut in otliers 
tlie legs iivo wanting, and the larvae arc 
said to completely res(‘.mbl(‘, those of 
Curculiouidae. In the larva of our 
tiny British s|)(icies, Uhoragus sheppardi, 
the legs are re|)la,ced liy three pairs 
of thoracic, sac-1 ikij pseudo] >ods. Tins 
Insect makes burrows in dead liranclies 
of hawthorn. Tlie larvae of the genus 
Erardiy tarsus have been ascertained to 
prey on Coceidac. 

Fam. 81. Curcxilionidae {Weexils). — The heal: of very rariahle 
length and thickness; the palpi snudl, nejirhj al trays ntywealed 
within the mouth, short, and rigid. Zahram absent. Antennae 
of the majority elbowed, i.e. with the hasul joint longer, mid so 
formed that when it is laterally extended the other joints can he 
placed in a forward direction. This enormous family includes 



Fio. 148. — Platyrhmns lati- 
r(>stri% Aiitliribidae. Britain. 
A, the perfect Insect ; B, 
tarsus aud tip of tibia. 
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about 20,000 known species, and yet a large portion of the 
species yearly brought from the tropics still prove to be new. 
The rostrum or beak exhibits excessive variety in form, and is in 
many cases different in the sexes ; in this case it is usually longer 
and tliiiiner in the female. As the rostrum is one of the chief 
characters by which a member of the family may be recognised, 
it is necessary to inform the student that in certain forms (the 
Australian Amycterides, e.g!) the organ in question may be so 
short and thick that it is almost absent. In these cases the 
Insect may be identified as a Curculionid by the gular area being 
absent on the under side of the head, and by the concealment of 
the palpi. The tarsi are usually of the same nature as those of 
riiytopliaga, already described, but the true fourth joint is less 
visible. In the Brachycerides this joint is not present, and the 
third joint is not lobed. The palpi are flexible and more or 
less exserted in a very few species (Ehynchitides) ; in Ehinoma- 
cerides there is also present a minute labruin. The front coxae 
are deex^ly embedded, and in many forms the prosternum is 
peculiar in structure ; the side-pieces (epimera) meeting at the 
back of the prosternum in the middle line. This, however, is 
not universal in the family, and it occurs in some other beetles 
{ejj., Megaloipodides of the Phytophaga). The larvae are without 
legs. They are vegetarian, the eggs being deposited by the 
mother-beetle in the midst of the food. These larvae may be 
distinguished from those of Longicorns by the general form, 
which is sub-cylindric or rather convex, not flattened, and 
more p)Ri‘fi<^Rlarly hy the free, exserted head, the mouth being 
directed downwards ; the attitude is generally a cinve, and the 
anterior part of the body is a little the thicker. No part of 
plants is exempt from the attacks of the larvae of Curculionidae ; 
buds, twigs; leaves, flowers, fruits, hark, pith, roots and galls 
may each he the special food of some Curculionid. Certain 
species of the sub-families Ehynchitides and Attelabides prepare 
leaves in an elaborate manner to serve as food and dwelling for 
their young. If young birches, or birch bushes from 5 to 10 
feet in height, be looked at in the summer, one may often notice 
thathsome of the leaves are rolled so as to form, each one, a little 
funnel. This is the work of Bliymhites (or Bepo'raus) letulae, a 
little Curculionid beetle (Pig. 149). An inspection of one of 
these funnels will show that it is very skilfully constructed. The 
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whole of a leaf is not used in the formation of a funnel, cuts being 
made across the leaf in suitable directions. The beetle stand- 
ing on a leaf, as shown in the figure, j)roceeds to cut with its 
mandibles an incision shaped like an erect S, commencing at a 
certain part of the circumference, and ending at the midrib of tlie 
leaf; the beetle then goes to the other side of the midrib, and 
continues its incision so as to form another S-like curve con- 
siderably different from the first ; being prostrate and less abrupt. 
Thus the blade of the leaf is divided into two halves by certain 
curved incisions, the midrib remaining intact. The little funnel- 




PiG. 149. — The leaf-rolling of Rhynchites hetulae. Britain. A, Female ’beetle, magnified ; 
B, the beetle forming the first incision on a leaf ; C, the completed roll. (B an<l C 
after Dehey. ) 

twister now commences to roll up the leaf to form the funnel ; 
and this part of the work is greatly facilitated by the shape of 
the incisions. Going back to the spot where it commenced work, 
by the aid of its legs it rolls one side of the leaf round an ideal 
axis, somewhat on the same plan as that adopted by a grocer in fbrni- 
ing a paper-funnel for sugar. The incisions are found to 1)6 just 
of the right shape to make the overlaps in the rolling, and to re- 
tain them rolled-up with the least tendency to spring back. After 
some other operations destined to facilitate subsequent parts of its 
task, the beetle enters the rolled-iip part of the leaf and brings it 
more perfectly together; it again comes out and, pursuing a 
different system, holds on with the legs of one side of the body 
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to the roll, and with the other legs drags to it the portion of the 
leaf on the other side of the midrib so as to wrap this part {i.e, 
. the result of its second incision) round the part of the funnel 
already constructed. This being done the Insect again enters 
the funnel, bites three or four small cavities on the inside of the 
leafy wall and deposits an egg in each. Afterwards it emerges 
and fits the overlaps together in a more perfect manner, so as to 
somewhat contract the funnel and make it firmer ; then proceeding 
to the tip, this is operated on by another series of engineering 
processes and made to close the orifice ; this part of the opera- 
tion being analogous to the closing by the grocer of his paper- 
funnel after the sugar has been put in. The operation of the 
beetle is, however, much more complex, for it actually makes a 
sort of second small funnel of the tip of the leaf, bends this in, and 
retains it by tucking in some little projections. The work, which 
has probably lasted about an hour, being now completed, the creature 
takes a longer or shorter rest before commencing another funnel. 
We have given only a sketch of the chief points of the work, 
omitting reference to smaller artifices of the craft master ; but 
we may remark that the curved incisions made by the beetle 
have been examined by mathematicians and duly extolled as 
being conducted on highly satisfactory mathematical principles. 
It is impossible at present for us to form any conception as to the 
beetle's conceptions in carrying out this complex set of operations. 
Our perplexity is increased if we recollect its lile-history, for we 
then see that neither precept or example can have initiated its 
proceedings, and that imitation is out of the question. The eggs 
hatch in their dark place, giving rise to an eyeless maggot, 
which ultimately leaves the funnel for the earth. The parts of 
tliis maggot subsequey.tly undergo complete change to produce 
the motionless J)upa of entirely different form, from which 
emerges the perfect Insect. Hence the beetle cannot he con- 
sidered to have ever seen a funnel, and certainly has never 
witnessed the construction of one, though, when disclosed, it 
almost immediately sets to work to make funnels on the complex 
and perfect system we have so imperfectly described. More 
general considerations only add to the perplexity we must feel 
when reflecting on this subject. Why does the Insect construct 
the funnel at all ? As a matter of protection it appears to he 
of little use, for the larvae are known to suffer from the attacks 
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of parasites as other Insects do. We liiivc not tlie least laNisen 
for supposing that this inode of life ior a, laa'va, is, so far a,s 
utility is concerned, better than a niore simple and usual one. 
Indeed, extraordinary as this may appicar, it is well known tliat 
other species of the same genus adopt a simple mode of life, 
laying their eggs in young fruits or Imds. We think it possil)le, 
however, that a knowledge of the mode of feeding of this larva, 
may show that a more perfect nutrition is olitained from a well- 
constructed cylinder, and if so this would to a slight extent 
satisfy our longing for explanation, though throwing no light 
whatever on the pliysiology or psycliology of the artiilcer, and 
leaving us hopelessly pierplexed as to why a lieetle in ages long 
gone by should or could adop)t a mode of life that by long pro- 
cesses of evolution sliould, after enormous difiiciilties have lieeii 
overcome, attain the p)erfection we admire.^ 

Fam. 82. Scolytidae. — ext/rimely tihiac 

frequently denticulate externally ; a7de7inae short, ioitlo a hroad 
cluh. This family is not at all sharply distingnislKul from certain 
groups of Curculionidae (from Cosvsonides ex/.), l)ut as the sjxM'ies 
have somewhat different hal)its, and in tlie ma.j'ority of eases 
can be readily distinguished, it is an advaiitagxi to se.para,t(i 
the two families. About 1400 species are at prestiut known. 
Most of them are wood- and hark- feeders ; some l)oni into hard 
wood; a few mine in twigs or small hranches of titles, luit the 
majority live in the inner layers of the l)ark; a,nd this also 
serves as the nidus of the larvae. A small numl.)er of s])e(deH 
have been found to inhabit the stems of herl)a('Aious plants, or to 
live ill dry fruits. Owing to their retiring liabits they a.re ra.r(‘ly 
seen except by those who seek them in tlieir abodes, when they 
may often be found in great profusion. The motlier-heetle Ixmis 
into the suitable layer of tlie bark, forming a sort of tunned and 
depositing eggs therein. The young larviie start each oin^ a 
tunnel of its own, diverging from the jiarent tunnel ; hencci each 
batch of larvae produces a system of tunnels, starting from, the 
parents’ burrow, and in many species these Imrruws are churai!- 

^ For a more extensive account of HhynchUes hetidae and others reefer to 
Wasmann. Der Trichterwickler, Minister, 1884, and I)e,l>ey, JJeUrage znr LeheuH- 
und JEntwickelungs-gescMchte . . . dcr Attclahiden, lionn, 1846. The firnt in- 
cludes an extensive philosophical discussion; the second is a vahial>lc eol1«‘ciion 
of observations. 
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tcristic in form and direction, so tluit the work of pa.rticukir 
Scolytids can l)e recognised l)y the initiated. 

The Phitypides hore into tlie wood of trees and stumps ; they 
are chiefly exotic, and little is known about them. They are 
tlie most al)errant of all Eliynchopliora, the liead being remarkably 
short, flat in front, with the mouth placed on the under surface 
of the head, there being no trace of a rostrum : the tarsi are 
elongate and slender, the third joint not being at all lobed, while 
tlie true fourth joint is visible. Hence they have not the 
appearance of Ehyncliophora. Some authorities treat the 
Platypides as a distinct family. 

Some of tlie members of the group Tomicides also bore into 
the wood. Eecent observations have shown that there is an 
important feature in the economy of certain of tliese wood- 
bcjrers, inasmuch as they live gregariously in the burrow, and 
feed on peculiar fungi that develop there, and are called ambrosia. 
According to Plubbard,^ some s^iecies cidtivate these fungi, 
making elaborate preparations to start their growth. The fungi, 
however, sometimes increase to such an extent as to seal up tlie 
burrows, and kill the Insects by suffocation. 

Scolytidae sometimes multiply to an enormous extent, attack- 
ing and destroying the trees in wooded regions. Much dis- 
cussion lias taken place as to whether or not they are really 
injurious. It is contended by one set of partisans that they 
attack only timber that is in an unhealtliy, dying, or dead con- 
dition. It may be admitted that this is usually the case ; yet 
when they occur in enormous numbers they may attack tirnljcr 
that is in a sort of neutral state of health, and so diminish its 
vigour, and finally cause its destruction. Hence it is of great 
importance that they should be watched by competent foresters. 

The larvae of Scolytidae are said to completely resemble those 
of Curculionidae : except in the group Platypides, where the body 
is straight and almost cylindrical, and terminates in an oblique 
truncation bearing a short hard spine." 

Fam. 83. Brenthidae. — Form elongate; rostrum straight, 
directly continuing the long axis of the tody, often so thick as to 
form an elongate head ; antennae not elbowed. The Brenthidae 
form a family of about 800 species, remarkable for the excessive 

^ Bull. U.B. Dep. Agric. mit. New series, No. 7, 1897. 

Perris, Ann. Bd. Nat, (2) xiv. 1840, p. 89, pi. iii. 
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Fig. 150. — liniJsalis minnia. North 
America. A, Larva ; B, jmpa ; C, 
female imago ; D, head of male. (After 
Riley.) 


length and slenderness of some of its forms, and for the 
extreme difference in tlie sexes that frequently exists. It is 

well rejiresented in the tropics 
only, and very little is known 
as to the natural history and 
development. These beetles are 
stated to he wood-feeders, and 
no doubt this is correct in the 
case of the majority of the 
species ; Init Mr. Lewis observed 
in Japan that Ze/m/ums celiis uml 
Gyphaf/ogm mjnigns are pre- 
daceoiis, and enter the burrows 
of wood-boring Insects to search 
for larvae as prey : tliey are 
v(ny much modified in structmai 
to permit tliis ; a-nd as the other 
members of the group TaphroderidcvS a-re similar in structure, 
it is probable that they are all predaceous. Nothing what- 
ever is known as to the larval history of these carnivorous 
forms. Indeed an uncertainty, <almost conqilete, jmvails as to 
the early stages of this family. Eiley has giviai a sketch of a 
larva which he had no doubt was that of 2h/psalis vmmta, the 
North American representative of the family ; if he is correct 
the larva differs from those of Ciirculionidae by its elongate form, 
and by the possession of thoracic legs : these, though small, are 
three-jointed. Descrij)tio,ns, supx)osed to l)e those of Brenthid 
larvae, were formerly published by Harris and MotschouLsky ; 
but it is now clear that both were mistaken. 

In the liigher forms of Brenthidae tlie rostrum of tlie female 
is perfectly cylindrical and polished, and the mandibles are 
minute, hard, pointed processes placed at its ti]). This organ is 
admirably adapted to its purpose ; it being used for boring a holti 
in wood or bark, in which an egg is subsequently deposited. The 
males in these cases are extremely different, so that consideraI)le 
curiosity is felt as to why this should be .so. In some cases their 
head is thick, and there may be no rostrum, while large powerful 
mandibles are present. 

In other cases the rostrum is slender, but of enormous 
length, so that it may surpass in this respect the rest of 
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the body, although this itself is so drawn out as to he quite 
exceptional in the Insect world : ^ the antennae are inserted 
near the tip of the rostrum instead of near its base, as tliey 
are in the female. The size of the males is in these cases usually 
much larger than that of the female.^ The males of some species 
fight ; they do not;, however, wound their opponent, but merely 
frighten him away. In Eupscdis it appears that the rostrum 
of the female is apt to become fixed in the wood during her 
boring operations ; and the male then extricates her by pressing 
his heavy prosternuin against the tip of her abdomen ; the stout 
forelegs of the female serve as a fulcrum and her long body as a 
lever, so that the effort of the male, exerted at one extremity of 
the body of the female, produces the recj[uired result at the other 
end of her body. The Hew Zealand Brenthid, Lasiorliynchus 
harbicornis, exhibits sexual disparity in an extreme degree : the 
length of the male is usually nearly twice that of the female, and 
his rostrum is enormous. It is at present impossible to assign 
any reason for this; observations made at the request of the 
writer by Mr. Helms some years ago, elicited the information 
that the female is indefatigable in her boring efforts, and that 
the huge male stands near by as a witness, apparently of the 
most apathetic kind. 


Ooleoptera of uncertain position. 

There are three small groups that it is impossible at present 
to place in any of the great series of beetles. 

Fam. 84. Aglycyderidae. — Tarsi three-jointed, the second 
joint lobed ; head not ^prolonged to form a beah. The two most 
important features of Ehynchophora are absent in these Insects, 
while the other structural characters are very imperfectly known, 
many parts of the external skeleton being so completely fused 
that the details of structure are difficult of appreciation. West- 
wood considered the tarsi to be really four-jointed, but it is not 

^ In the males of the genus Oedeocera the tips of the elytra are drawn out into 
processes almost as long as the elytra themselves, and rivalling the forceps of 
earwigs, 

^ The stature of the individuals of the same "species is, in some of these 
Brenthidae, subject to extreme variation, especially in the males, some individuals 
of which — in the case of Brenthm anehorago — are five times as long as others. 
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Fift. Itil.—AifljfCf/deres seilfer. 


at all clear that the iiiiiiute knot lie cousidcrod the third joint is 

more than tlie artic'idation 
of the elongate terminal 
joint. The fainily consists 
01 dy of two or three species 
of Aglycyderes, one of whicli 
occurs in the Canary 
Islands, and one or two in 
I^ew Zealand a,nd New 
Caledonia. The former is 
l)elieved to li ve in the stems 
of JiJv/pliiirhla caiutrlensis ; 
Canary Islands, a Ncw Zealand spccies has 

A, Imai?o ; B, tarsus acconliiip^ to Westwood ; i i • i • 

C, m^conliug to nature; D, ...axilla; E, Connection 

iai)iuru. witli tlic trec-ferii Cyathea 

clecolhatcL 

Fam. 85. Proterhinidae. — Tarsi tUrceyointed, the nexond joint 
hied ; hexul of the male searcely j^rolonyed, Imt that of the female 
forming a definite rostrum.; maxillae and ligidct entirdy covered 
ly the mentiiin. As in the preced- 
ing family the sutures on the 
under side of the head and pro- 
sternum cannot he detected. The 
minute palpi are entirely enclosed 
in the buccal cavity. There is a 
very minute true third joint of 
the tarsus, at the base of the ter- 
minal joint, concealed between the 
lobes of the * second joint. Tlie 
family consists of the genus Pro- 
terhinus ; it is confined to tlie Fi«. l ti 2 .---Prat.erhmus hrouteJ. TTa- 

Hawaiian Islands, where these In- c, ivoi.t loot, ...ore ...ag..iii,.a. 
sects live on dead wood in the 

native forests. The genus is numerous in species and individuals. 

Strepsiptera (or Ehipiptera, Stylopidae).— small or 
minute; gmothorax extremely small; mesothorax moderate, the elytra 
reduced to small, free slips ; metathorax and wings very large ; 
nervuration of the latter radiating, ivithout cross nervules. Female 
a mere sac, with one extremity smaller and forming a sort of nech 
or head. These curious Insects are parasitic in the intm’ior of 
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otlior iTisects, of tlie Orders IdyiriGiioptoira and Hemiptera,. Tlieir 
structure and tlieir life-liistories entitle tlieni to Le ranked as 
the most abnormal of all Insects, and entomologists are not 
agreed as to whether they are aberrant Coleoptera or a distinct 
Order. Tlie newly-1 latched larva is a minute triungulin (Ihg. 
154), somewhat like that of Meloe\ it fixes itself to the skin 
of the larva of a Hymenopterous Insect, j)tinetrates into the 
interior, and there undergoes its metamorphoses, the male emerg- 
ing to enjoy a brief ],)eriod of an abnormally active, indeed agitated, 
existence, while the female never moves. It is important to 
note tliat these Strepsiptera do not, like most other internal 
parasites, produce the death of their hosts ; these complete tlieir 
metamorphosis, and the development of the parasite goes on 
simultaneously witli that of the host, so that the imago of the 


Ftci. 153. — Sexes of Strep- 
siptera. A, Male of 
jS'f.i/lops dalii (after (.'tir- 
ti.s) ; B, female of Xmos 
vo.s.v/i (after vou Siebold). 


Strepsiiiteion is found only in the imago of the host.^ After 
tlie young Stylops lias entered its host it feeds for a week or so 
on the fat-body (apparently hj a process of suction), then 
moults and assimies the condition of a footless maggot, in which 
state it remains till growth is conipletecl. At the latter part of 
this period the history diverges according to sex ; the female 
undergoes only a sliglit metamorphic dcveloinnent of certain 
pai'ts, accompanied apparently by actual degradation of other 
parts ; wliile the male goes on to pupation, as is normal in Insects. 
(We may remark tliat the great features of the development of 
the sexes are parallel witli those of Coccidae in Hemiptera.) 
When the Hymenopterous larva changes to a pupa, tlie larva 
of the Strepsipteron pushes one extremity of its body between two 
of the abdominal rings of its host, so that this extxmnity becomes 
external, and in this position it completes its metamorphosis*, the 

^ This roniark applies to the Strepsiptera parasitic on Hyrnenoptera : notliiiig 
whatc\^er is known as to the life-liistories of tlio species that attack Hemiptera. 
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male emerging very soon after the host lias become an active 
winged Insect, while the female undergoes no further change of 
position, but becomes a sac, in the interior of which young 
develop in enormous numbers, finally emerging from tlie mother- 
sac in ‘the form of the little triungulins we have already 
mentioned. This is all that can be given at present as a general 
account ; many points of the natural history are still obscure, 
merely guessed; while some' appear to differ 
greatly in the different forms. A few brief 
remarks as to these points must suffice. 

Bees carrying, or that have cariied, Strep- 
siptera, are said to be stylopised (it being a 
species of the genus Btylo2')S that cliiefly infests 
bees); the term ’is also used with a wider 
application, all Insects that carry a Strepsip- 
terous parasite being termed stylopised, though 
it may be a Strepsipteron of a, genus very 
different from Btylops that attacks them. The 
development of one or more Strepsiptera in 
an Insect usually causes some deformity in 
the abdomen of its host, and effects consider- 
able changes in the condition of its internal 
organs, and also in some of the external char- 
acters. Great difference of opinion prevails 
as to what these changes are ; it is clear, how- 
ever, that they vary much according to the 
species, and also according to the extent of 
iied. (After Newport.) the stylopisatioiL Usually only one Bfylops 
is developed in a hee ; hut two, three, and 
even four have been observed : ^ and in the case of tlie wasp, 
JPoHstes, Hubbard has observed that a single individual may 
hear eight or ten individuals of its Strepsipteron (Xefios, 
n. sp. ?). 

There is no exact information as to how the young triungulins 
find their way to the bee-larvae they live in. Here again the 
discrepancy of opinion that prevails is prpbaldy due to great 

^ AltEougli not an invariable, it seems tliat it is a general rule that tlie Stylops 
produced from the body of one individual are all of one sex ; it has even been, 
stated that female bees produce more especially female Stylops^ and male bees 
male Stylops. If any correlation as to tliis latter point exist, it is far from general. 


others have been 



Fig. 154. — Young larva 
of Stylops on a bee’s- 
hair. Greatly magni- 
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difference really existing as to the method. When a Stylo2^s 
carried by an Insect (a Hymenopteron, be it noted, for we have 
no information whatever as to Hemiptera) produces young, 
they cover the body of the host as if it were powdered, being 
excessively minute and their numbers very great ; many hundreds, 
if not thousands, of young being produced by a single Styloios. 
The species of the wasp genus Polistes are specially subject to 
the attacks of Stylo;ps ; they are social Insects, and a stylopised 
specimen being sickly does not as a rule leave the nest ; in this 
case the Styloys larva may therefore have but little difficulty in 
finding its way to a Hymenopterous larva, for even though it 
may have to live for months before it has the chance of attaching 
itself to a nest -building femhle, yet it is clearly in the right 
neighbourhood. The bee genus Andrena has, however, quite 
different habits ; normally a single female makes her nest under- 
ground ; but in the case of a stylopised female it is certain that 
no nest is built, and no larvae produced by a stylopised example, 
so that the young triungulins must leave the body of the bee in 
order to come near their prey. They can be active, and have 
great powers of leaping, so that it is perhaps in this way possible 
for them to attach themselves to a healthy female bee. 

We have still only very imperfect knowledge as to the struc- 
ture and development of Strepsip- 
tera. Indeed but little informa- 
tion has been obtained since 
1843.^ Before .that time the 
mature female was supposed to be 
a larva, and the triungulins found 
in it to be parasites. Although 
the erroneous character of these 
views has been made clear, the 
problems that have been sug- 
gested present great difficulties. 

Apparently the change from the 
triungulin condition (Fig. 154) to 
the parasitic larvae (Fig. 1 5 5, A, B) 
is extremely great and abrupt, and it appears also that during 



Fig. 155. — Portion of early stages of 
Xenos rossii. (After von Siebold.) 
A, Small male larva ; B, small female 
larva ; C, full-grown male larva ; D, 
full-grown female larva ; E, the so- 
called “ cephalothorax ” and adjacent 
segment of adult female. (The newly- 
hatched larva is very much like that 
of StyZo 2 >s shown in Fig. 154.) 


^ Von Siebold, Arch. Naturges. ix. 1843, pp. 137-161. FTassonofTs recent paper 
is in Russian, but so far as we can gather (cf. Zool. Centralhl. i. 1894, p. 766), it does 
not add greatly to the data furnished by von Siebold. 
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the larval growth considerable sexual differentiation occurs (-Fig. 
155, C, D); details are, however, wanting, and tliere exists but 
little information as to tlie later stages. Hence it is scarcely 
a matter for surprise that authorities differ as to which is the 
head and which the anal extremity of the adult female. Von 
Siebold apparently entertained no doubt as to the part of the 
female that is extruded being the anterior extremity ; indeed he 
called it a cephalo thorax. Supposing this view to be correct, we are 
met by the extraordinary facts that the female extrudes the head 
for copulatory purposes, that the genital orihce is placed thereon, 
and that the young escape by it. Meinert ^ contends that the 
so-called cephalothorax of the adult is tlie anal extremity, and 
that fertilisation and the escape of the young are effected by the 
natural passages, the anterior parts of the body being affected by 
a complete degeneration. Nassonoff, in controversion of Meinert, 
has recently pointed out that the “ cephalothorax of the young 
is shown by the nervous system to be the anterior extremity. It 
still remains, however, to be shewn that tlie cephalothorax ” of 
the adult female corresponds with that of tlie young, and we shall 
not be surprised if Meinert prove to be correct. The internal 
anatomy and the processes of oogenesis appear to be of a very unusual 
character, but their details are far from clea,r. Brandt lias given 
some particulars as to the nervous system ; tliougli he does not 
say whether taken from the male or female, we may iiresurne it to 
be from the former ; there is a supra- oesophageal ganglion, and 
near it a large mass which consists of two parts, the anterior repre- 
senting the sub-oesophageal and the first thoracic ganglia, while 
the posterior represents two of the thoracic and most of the 
abdominal ganglia of other Insects ; at the posterior extremity, 
connected with the other ganglia by a very long and slender 
commissure, there is another abdominal ganglion.''^ 

It is a matter of great difficulty to procure material for the 
prosecution of this study ; the fact that the instars to be observed 
exist only in the interior of a few Hymenopterous larvae, which 
in the case of the bee, Andrena, are concealed under ground ; and 
ill the case of the wasps, Polistes, placed in cells in a nest of 
wasps, adds greatly to the difficulty. It is therefore of interest 
to know that Strepsiptera occur in Insects witli incomplete 

^ JEnt. Medclcl. v. 1896. X). 148, cind Ov. iJanslce yScUk. 1896, p. 67, 

Horae, Hoc, ent. Moss. xiv. 1879, x>- 1^. 
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Fin. 156. — Al^domeii of a 
wasp { Puiiatas heh- 
Q'ctevs) witli a Strep- 
sipteron {Xenm 9) in 
position, one. of the 
dorsal ])lates of tlie 
wasp’s abdomen being 
removed. a, Projec- 
tion of part of the 
parasite ; b, line in- 
dicating the position 
of the removed dorsal 
plate. 


metamorphosis. They liave been observed in several spe.cies oT 
Homoptera ; and tlie writer has a large Pentatomid liug of 
the genus Callidea, wliicli hears a feinttle 
Strepslpteron apparently of large siy:c. Tliis 
bug ^ is ahiindant and widely distributed in 
Eastern Asia, and it may prove corn]_)ara- 
tively easy to keep stylopised examples 
under observation. Both v. Siehold and 
Nassonoff think parthenogenesis occurs in 
Strepsiptera, but there appear to be no facts 
to warrant tins supposition. Yon Siebold 
speaks of the phenomena of Strepsipterous 
reproduction as paedogenesis, or pseudo- 
paedogenesis, hut we must agree with 
Meinert that they cannot he so classed. 

The males of Strepsiptera live for only a 
very short time, and are very difficult of 
observation. According to Hubbard the 
males of Xenos dash about so rapidly that the eye cannot see 
them, and they create great agitation amongst the wasps in the 
colonies of which tliey are bred. Apparently they are xiroduced in 
great numl)ers, and their life consists of only fifteen or twenty 
minutes of fiery energy. The males of Stylojps are not exposed 
to sucli dangers as those of Xenos, and apparently live somewhat 
longer — a day or two, a,nd even three days are on record. The 
individuals of Andrena parasitised by Stylo^is are apparently 
greatly fiffected in their economy and apx)ear earlier in tlie season 
than other individuals ; this perhaps may he a reason, coui>led 
witli their short lives, for their being comparatively rarely met 
with by entomologists. 

It is not possible at present to form a valid opinion as to 
whether Styloxiidae are a division of Coleoptera or a separate 
Order. Yon Siebold considered them a distinct Order, and 
Hassoiioff, who has recently discussed the question, is also of that 
opinion. 

^ Named hy Mr. Distant CaXUdca haro ; according to the Brussels catalogue of 
Heiniptera, Chrysocoris grandis var. haro. 
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LEPIDOPTERA — OR BUTTERFLIES AND MOTHS 

Order VI. Lepidoptera. 

Wings four ; lody and toings covered with scales 'usually varie- 
gate in colour, and on the body frequently more or less like 
hair: nervures moderate in number, at the ^erijyhery of 
one wing not exceeding fifteen, but little irregular ; cross- 
nervules 'not 77iore than four, there being usually only one or 
two closed cells on eaxh wing, occasionally none. Imago 
%oith 'mouth inca'pcMe of biting, usually forming a long 
coiled 'proboscis capable of protrusion. Metamorphosis great 
and abrupt ; the wings developed inside the body ; the larva 
with large or moderate head and shrong mandibles. Pupa 
with the appendages usunlly adpressed and cemented to the 
body so that it presents a more or less even, horny exterior, 
occasionally varied by projections that are not the appendages 
and that may make the form very irregular: in many 
of the smaller forums the appendages are O'nly imperfectly 
cemented to the body. 

Lepidoptera, or butterflies and moths, are so far as ornament is 
concerned the highest of the Insect world. In respect of 
intelligence the Order is inferior to the Hyrnenoptera, in the 
mechanical adaptation of the parts of the body it is inferior to 
Coleoptera, and in perfection of metamorphosis it is second to 
Diptera. The mouth of Lepidoptera is cj^uite peculiar ; the pro- 
boscis — the part of the apparatus for the prehension of food— 
is anatomically very different from the proboscis of the other 
Insects that suck, and finds its nearest analogue in the extreme 
elongation of the maxillae of certain Coleoptera, e.g. Nemognatha, 
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Th (3 female lias no gonapopliyses, tlioiigli in certain excep- 
tional forms of Tiiieidae, there, are moditications of structure 
connected with the terminal segments, that have as yet been 
only imperfectly investigated. As a rule, the egg is simply 
deposited on some living vegetable and fastened thereto. 
Lepidoptera are the most exclusively vegetarian of all the Orders 
of Insects ; a certain nuniher of tlieir larvae prey 011 Insects 
that are themselves filled with vegetable juices (Ooccidae, 



Fig. 157. — Metamorphosis of a Lepidopteron {RhegmalopMla alpina, Notodoiitidae). 
(After Poujade, Ajiu. Soc. ent. France, 1891.) Europe. A, Egg; B, young larva, 
about to moult ; C, adult L'U’va ; D, head and first body-segment of adult larva, 
magnified ; E, pupa, x ■{ ; F, male moth in repose ; G-, female inotli in repose. 

Aphidae) and a, very small number {Tinea, etc.) eat animal 
matter. In general the nutriment appears to be drawn ex- 
clusively from the liuids of the vegetables, the solid matter 
passing from the alimentary canal in large quantity in the form 
of little pellets usually dry, and called frass. Hence the 
quantity of food ingested is large, and when the individuals 
unduly increase in luimher, forest trees over large areas are 
sometimes completely defoliated by the caterpillars. 

Lepidoptera pass a larger portion of their lives in the pupal 
stage than most other Insects do ; frequently during nine months 
of the year the Lepidopteron may be a pupa. In other Orders of 
VOL. VI ^ 
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Insects it would appear that the tendency oi tlie liigher forms is 
to shorten the pupal period, and when iniicli time has to be 
passed between the end of the feeding up of the larva and tlie 
appearance of the imago, to pass this time as much, as possilhe 
in the form of a resting-larva, and as little as may be in the 
form of a pupa; in Lepidoptera the reverse is the case; tlie 
resting -larva period being usually reduced to a day or two. 
Hence we can understand the importance of a liard skin to the 
pupa. There are, however, numerous Lepidopterous pupae where 
the skin does not attain the condition of liardness that is 
secured for the higher forms by the chitinous exudation we 
have mentioned ; and there are also cases where there is a jDro- 
longed resting -larva period: for instance Galleria rtiellonella 
spins a cocoon in the autumn and remains in it as a resting 
larva all the winter, becoming a pupa only in tlie spring. In 
many of these cases the resting-larva is protected by a cocoon. 
It is probable that the chief advantage of the perfect chitinous 
exudation of the Lepidopterous pupa is to prevent the tiny, 
complex organisation from the effects of undue transpiration. 
Bataillon has suggested that the relation of the fluid contents of 
the pupa to air and moisture are of great importance in the 
physiology of metamorphosis. 

The duration of life is very different in various forms 
of Lepidoptera. It is known that certain sx^ecies {Ejpliestia 
huehniella, e.g.) may go through at least five generations a year. 
On the other hand, certain species that feed on wood or roots 
may take three years to complete their life-history ; and it is 
probable that some of the forms of Hepialidae are even longer 
lived than this. 

Lepidoptera have always been a favourite Order with ento- 
mologists, but no good list of the species has ever been made, 
and it would be a difficult matter to say liow many species are 
at present known, but'it can scarcely be less than 50,000. In 
Britain we have about 2000 species. 

The close affinity of the Order with Trichoptera has long 
been recognised : E^aumur considered the latter to be practically 
Lepidoptera with aq[uatic habits, and Speyer pointed out the 
existence of very numerous points of similarity between the 
two. Brauer emphasised the existence of mandibles in the 
nymph of Trichojjtera as an important distinction : the iJUxm 
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of Micropleryx (Fig. 211) Iius however been recently shown to 
he similar to that of Triclioptera, so that unless it should be 
decided to transfer Microjpteryx to Trichoptera^ and then define 
Lepidoptera and Trichoptera as distinguished by the condition of 
the pupa, it would apx^ear to be very difficult to retain the two 
groups as distinct. 

Structure of Imago. — The head of a Lepidopteron is in large 
part made up of the compound eyes ; in addition to these it 
frequently bears at the top a pair of small, simple eyes so much 
concealed by the scales as to cause us to wonder if seeing 
be carried on by them. The larger part of the front of the 
head is formed by the clypeus, which is separated by a well- 





Fig. 158. — External structure of a female butterfly, Anosia plexippns. (After Scudder.) 
a, Base of antenna ; &, pronotuni ; scutum of mesothorax ; c, clypeus ; cx, coxa ; 
d, scutelluni ; scutellum of metatliorax ; e, post-scutellum ( = base of phragma) ; 
m, epimeron ; ep^ episternum ; /, scutum of metatliorax ; w., basal part of pro- 
boscis ( = maxilla) ; 0, eye ; p, labial palp ; r, niesosternuin ; s, protboracic 
spiracle ; if, tegula ; tr, troclianter ; 1-9, dorsal jilates of abdomen. 

marked line from the epicranium, the antennae being inserted 
on the latter near its point of junction with the former. There 
is sometimes (^Saturnia, Castnia) on each side of the clypeus a 
deep pocket projecting into the head-cavity. The other parts of 
the head are hut small The occipital foramen is very larged 
The antennae are always conspicuous, and are very various 
in form ; they are composed of numerous segments, and in the 
males of many species attain a very complex structure, especially 
in Bombyces and Psychidae ; they doubtless function in such 
cases as sense-organs for the discovery of the female. 

The largest and most important of the mouth-parts are the 
maxillae and the labial palpi, the other parts being so small as 
to render their detection difficult. The labrum is a very short, 
^ Kcdlogg, Kansas Quarterly^ ii. 1893, p. 51, plate II. 
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Insects it would appear that tlie tendency of tlie higher IV 
to shorten the pupal period, and when iniicli time has 
passed between the end of the feeding up of the larva ai 
appearance of the imago, to pass this time as miicli. as p 
in the form of a resting-larva, and as little as may l^e 
form of a pupa ; in Lepidoptera the reverse is the cas 
resting -larva period being usually reduced to a, day 0 : 
Hence we can understand the importance of a hard shin 
pupa. There are, however, numerous Lepidopteroiis pupae 
the skin does not attain the condition of hardness t. 
secured for the higher forms by the chitinous exudati 
have mentioned ; and there are also cases where there is ■ 
longed resting -larva period : for instance Gtdleria mel 
spins a cocoon in the autumn and remains in it as a 1 
larva all the winter, becoming a pupa only in the spring 
many of these cases the resting-larva is protected by a c 
It is probable that the chief advantage of the perfect clii 
exudation of the Lepidopterous pupa is to prevent the 
complex organisation from the effects of undue trauspi: 
Bataillon has suggested that the relation of the fluid contc 
the pupa to air and moisture are of great imi)ortance i 
physiology of metamorphosis. 

The duration of life is very different in various 
of Lepidoptera. It is known that certain species (Ej: 
Jcuehniella, e.g.) may go through at least five generations a 
On the other hand, certain species that feed on wood or 
may take three years to complete their life-history; and 
probable that some of the forms of Hepialidae are even ' 
lived than this. 

Lepidoptera have always been a favourite Order with 
mologists, but no good list of the species has ever been 
and it would he a difficult matter to say how many specie 
at present known, but 'it can scarcely be less than 50,000 
Britain we have about 2000 species. 

The close affinity of the Order with Trichoptera has 
been recognised : Reaumur considered the latter to be pract 
Lepidoptera with aquatic habits, and Speyer pointed on 
existence of very numerous points of similarity betweei 
two. Brauer emphasised the existence of mandibles it 
nymph of Trichoptera as an important distinction : the 
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of MicrofUrifx (Fig. 211) luis however heeii recently shown to 
be similar to that ()f Tricho]^>tera, so that unless it should be 
decided to transfer Micro'ptenjx to Trielioptera^^ and then define 
Lepidoptera and Triclioptera as distinguislied by tlie condition of 
the pupa, it would appear to be very difficult to retain tlie two 
groups as distinct. 

Structure of Imago. — The liead of a Lex)idopteron is in large 
part made up of the compound eyes ; in addition to these it 
frerpieutly bears at the top a pair of small, simiile eyes so much 
concealed by the scales as to cause us to wonder if seeing 
be carried on l)y them. The larger part of the front of the 
head is formed by the clypeus, which is separated by a well- 



Fig. 158. — External structure of a female butterfly, Anosia 'pUxi/pp%s. (After Scudder.) 

Base of antenna ; proiiotuni ; scutum of niesotliorax ; clypcus ; cx^ coxa ; 

Kcutellum ; scutellurn of luetatliorax ; e, post-HCutelliim ( = l)ase of pliragma) ; 
m, epimeron ; episternum ; /, scutum of nietathorax ; basal part of pro- 
boscis ( = maxilla) ; 0 , eye; %), labial palp; r, niesosteriuim ; .s, protboracic 
spiracle ; U tegula ; iJ/*, troclmuter ; 1-9, dorsal jdates of abdomen. 

marked line from the epicranium, the antennae being inserted 
on the latter near its point of junction with the former. There 
is sometimes (Saturnia, Castnia) on each side of the clypeus a 
deep pocket projecting into the head-cavity. The other parts of 
the head are hut small. The occipital foramen is very large.’- 
The antennae are always conspicuous, and are very various 
in form ; they are composed of numex'ous segments, and in the 
males of many species attain a very complex structure, especially 
in Bornbyces and Psychidae; they doubtless function in such 
cases as sense-organs for the discovery of the female. 

The largest and most important of the mouth-parts are the 
maxillae and the labial palpi, the other parts being so small as 
to render their detection difficult. The lahrum is a very short, 
^ Kellogg, Kansas Quarterly, ii. 1893, p. 51, plate 11. 
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comx^aratively hroad ])ie('(‘., visilrle on tlie front edge of tlie 
clypeus ; its lateral part usually forms a promineuee wliieli has 
often been mistaken for a mandible ; Kellogg has applied the 
term “ pilifer ” to this part. In the middle of the la])riim a, small 
angular or tongue-like projection is seen just over the middle of 
the base of the proboscis ; this little piece is considered by 
several authorities to be an epipharynx. 

Mandibles. — Savigny, Westwood, and others considered the 
parts of the labrum recently designated pilifers by Kellogg to 
be the rudimentary mandibles, but Walter has sliown tliat this 



Fig. 159. — Moutli of Lepidoptera. Tiger-motli, Arctla caja. A, Seen from front ; B, 
from front and below, a, Clypeus ; ft, labrum ; c, epipharynx ; d, mandibular 
area ; d', prominence beneath mandibular area ; e, one side of haustelluiu or pro- 
boscis ; /, maxillary palp ; (j, labial palp. 

is not the case.^ The mandibles are usually indistinguish- 
able, though they, or some prominence possibly connected with 
them,^ may frequently be detected in the . neighbourliood of 
the pilifers; they are, according to Walter, largest and most 
perfectly develo|)ed in Erioce'phala, a genus that was not dis- 
tinguished by him' from Microptery'jo and was therefore termed 
‘'niedere Micropterygiiien,” 'Le. lower Micro]}teryges. I'he 
opinion entertained by Walter that MvyropUryx proper (his 
“ hohere Micropteryginen also possesses rudimentary mandibles 
is considered by Dr. Chapman, no doubt with reason, to be 
erroneous.^ The mandibles, however, in the vast majority of 
Lepidoptera can scarcely he said to exist at all in the imago ; 
there being only an obtuse projection - — without trace of 

^ Jena. Zcitsehr. Naturw. xviii. 1885, p. 751. 

2 The writer is not quite convinced that the supposed mandibles of these Macro- 
lepidoptera are really entitled to be considered as siicli. 

^ Tr. ent. Soc. London, 1893, p. 263. 
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articulation— on each side of the lalirinn; iind even tiiis pr<r- 
jection is usually al)sent. Meinert recognised tlies(‘. ]>roj(ictioiis a,s 
inaudibles in Smeiintli/us pojndi, and Kellogg in rrof.o'parcc raro- 
lim, anotlier large 8])hiux moth. They a]>])ear to be umisuaJly 
well develo])ed in that group. In Oaslnia tliey a.re even more 
definite tlian they are in Spldiigidae. 

The Maxillae are eliieily devoted to the forniatioii of the 
])roljoscis. Their Ixisal portions are anatomically very iiidcvlinito, 
though they exist very intimately connected with tlie ]al)imn. 
Each usually I;)ears a small tubercle or a segmented ])rocess, tlie 
representative of the maxillary palpus. The prolioscis itself con- 
sists of the terminal, or outer, parts of the two maxillae, wliich 
parts are closely and beautifully coadapted to form the spirally 
coiled organ, that is sometimes, thougli incorrectly, called tlie to'ngue. 
The exact morphology of the Lepidopterous ])roboscis has not 
lieen established. The condition existing in the curious family 
Trodoxidae (see p. 432), where a prolioscis coexists with another 
structure called a maxillary tentacle, suggests a correspondence 
between the latter and the galea of a ty])ical maxilla, ; a,nd 
l)etweeu the proboscis and the hicinia or inner lo])e of a 
maxilla : but J. II Smith, is of opinion tluit the tentacle in 
([uestion is a prolongation of the stipes. The condition of the 
parts in this anoma,lous tamily (Prodoxidae) has not, however, 
been thorouglily investigated, a,nd Packard takes a, different 
view of the prolioscis; he considers that “it is the two galea, e 
which hecome elongated, united and highly specialised to form 
the so-called tongue or glossa of all Lepidojitera, above the 
Eriocephalidae.” The proboseds in some cases l>ecomes very 
remarkable, and in certain Sphingidae is said to a,ttain, when 
unrolled, a length of ten inches. In some cases the maxillary 
lobes do not form a proboscis, but exist as delicate structures, 
pendulous from the moiitli, without coadaptation (^e-uzem aesculi, 
the Wood -leopard moth). In other forms they are absent 
a, 1 together ((Johsil% ^7.y.), and in Ile/jyiahis we have failed to detect 
a,ny evidence of the existence of the maxillae. On the other 
hand, in Micropteryx the maxillae are much more like those of a 
mandihiilate Insect ; and various other Microlepidoptera approach 
more or less a similar condition. In the genus last mentioned 

^ Amer, Natural, xxix. 1895, p. 637. It should be recollected that many 
Lfspidoptera do not possess any proboscis. 
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the maxillaiy palpi are largely develo^^ed, flexible and slender. 
According to Walter various forms of palpus intermediate between 
that of Micro'pteryx and the condition of rudimentary tubercle 
may be found amongst the Microlepidoptera.^ 

Labium. — The labial palpi are usually largely developed, 
though but little flexible; they form conspicuous processes 
densely covered with scales or hairs, and curve forwards or up- 
wards, rarely downwards, from the under side of the head, some- 
what in the fashion of tusks. The other parts of the labium 
are frequently represented merely by a membranous structure, 
united with the maxillae and obstructing the cavity of tlie. 
pharynx. Where the proboscis is absent it is difficult to find 
any orifice leading to the alimentary canal, such opening as 
may exist being concealed by the overhanging clypeus and 
labium. In some forms, Saturnia, e.g., there appears to be no 
buccal orifice whatever. In Hepialm the labium is in a very 
unusual condition ; it projects externally in the position usually 
occupied by the labial palpi, these organs being themselveB 
extremely short. It is very difficult to form an opinion as to 
the structure of the labium and other mouth-parts when tlm 
maxillae are not developed, as in these cases the parts are of 
a delicate membranous nature, and shrivel after death. Thin 
is the explanation of the fact that in descriptive works we find 
vague terms in use such as mouth aborted or “ tongue absent.’’ 

The mouth of the Lepidopterous imago is a paradoxical 
structure; it differs very greatly from that of the larva, tln^ 
changes during metamorphosis being extreme. We should thuH 
be led to infer that it is of great importance to the creatures ; 
but, on the other hand, the various structures that make up tlic^ 
mouth, as we have remarked, are frequently absent or reduced te 
insignificant proportions ; and even in forms where the apparatuK 
is highly developed the individuals seem to be able to accomplish 
oviposition without taking food, or after taking only very minute 
quantities. It is therefore difficult to understand why so great# 
a change should occur during the metamorphosis of the Insectn 
of this Order. It has been ascertained that in some forms where 
the mouth is atrophied the stomach is in a correlative condition ; 
but we are not aware that any investigations have been made 
as to whether this correspondence is general or exceptional. 

^ Jena, Zcitschr. Naturw, xviii, 1885, p. 168. 
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The exact mode in wliicli the proboscis acts is in several 
resp)ects still obscure, the views of Buririeister and ITewport being 
ill some points erroneous. Towards the tip of the prolioscis 
there are some ininute hut complex structures considered liy 
Eritz Miiller to he sense-organs, and hj Breiteiiliacli to be 
iiiechaiiical instruments for irritating or lacerating the delicate 
tissues of blossoms. It is ].)robable that Mitller’s view will prove 
to be correct. Ifevertlieless the pjrohoscis lias consicleralde 
power of penetration ; there being a motli, Ophideres JvUm/im,'' 
tliat causes consideralde damage to crops of oranges by inserting 
its trunk tlirougli the peel so as to suck the juicesd The canal 
formed by each maxilla opens into a cavity inside the front part 
of tlie liead. This cavity, according to Burgess,^ is a sort of sac 
connected with five muscles, and by the aid of this apparatus the 
act of suction is performed : the diverticuluin of the alimentary 
camd, usually called a sucking-stomach, not really possessing the 
function fornierly attributed to it. 

Tlie PROTHORAX is very small, being reduced to a collar, be- 
tween the head and the alitrunk, of just sufficient size to bear the 
front pair of legs. Its most remarkable feature is a pair of pro- 
cesses, frequently existing on the upper surface, called '' patagia.” 
I'hese in many cases (especially in Noctuidae) are lobes capable 
of considerable movement, being attached only by a narrow base. 
In Eejnahs, on the contrary, they are not free, but are merely 
indicated by curved marks on the dorsuni. The patagia are 
styled by many writers “ tegulae.” They are of some interest in 
connection with the question of wing- like apj)endages on. the 
prothorax of Ibilaeozoic insects, and they have been considered 
by some writers^ to be the equivalents of true wings. The 
Mesothorax is very large, especially its upper face, the no turn, 
which is more or less convex, and in the higher forms attains a 
great extension from before backwards. The notum consists in 
greater part of a large anterior piece, the meso-scutum, and a 

^ A'du)’, Natural, xiv. 1880, p. 313. 

- For an account of tlie structures at tlie tip of the prolioscis of this moth, and 
of the heautiful manner in which the lotes of the maxillae arc dovetailed together, 
see Francis Dar^viii, Quobrt. J. Micr. A'ci.xv. 1875, p. 385. For details as to 
numerous proboscides, and as to the difficulties that exist in comprehending the 
exact mode of action of the organ, refer to Breitenbaeh’s papers, especially /ma. 
Zeilsckr, Ndl'wrw. xv. 1882, p. 151. 


^ Seo Cholodkovsky, Jnz. ix. p. 615 ; Haase, i.c. p. 711 ; also Riley, 

r. cut, WashinDton, ii. 1892, p. 310. 
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smaller part, the meso-scutellniii behind. In front of tlie scutum 
there is a piece termed prae-scutum bj Burgess. It is usually 
small and concealed by tlie front part of tlie scutum ; but 
in Jlejnahis it is large and horizontal in position. It is of 
importance as being the chief point of articulation witli tlic pro- 
thorax. Xhe scutellum is more or less irregularly rlioniljoidal in 
form ; its hinder margin usually looks as if it were a lobe or fold 
placed in front of the base of the abdomen or metathorax, accord- 
ing to whether the latter is concealed or visible. In some of the 
higher forms this nieso-scutellar lobe is prominent, and there 
may be seen under its projection a piece that has been called 
the post-scutelluni, and is really the base of the great nieso- 
phragma, a chitinous piece that descends fir down into the 
interior of the body. In addition to the front pair of wings the 
mesothorax bears on its upper surface another pair of appendages, 
the tegulae : in the higher forms tliey are of large size ; they are 
fastened on the front of the mesothorax, and extend backwards 
over the joint of the wing with the body, Ijoing densely covered 
with scales so that they are but little conspicuous. Tliese 
appendages are frequently erroneously called pa-tagia, but have 
also been called scapulae, pterygodes, paraptera, and shoulder- 
tufts, or shoulder-lappets. The lower surface of the mesothorax 
is much concealed by the large and prominent coxae, ))iit the 
sternum and the two pleural pieces on each side, ei)isternum and 
epimeron, are easily detected. The area for attachment of the 
anterior wing on each side is considerable, and appears to l^e of 
rather complex structure ; its anatomy has been, however, but 
little studied. 

The Metathorax is small in comparison with the preceding 
segment, to which it is intimately co-adapted, though the two 
are really connected only by delicate membrane, and can conse- 
quently be sepai'ated with ease by dissection. The metanotiim 
consists of (1) the scutum, which usually appears externally as 
an anterior piece on each side ; (2) the scutellum, forming a 
median piece placed behind the scutum, which it tends to 
separate into two parts by its own extension forwards. In order 
to understand the structure of the metathorax it is desirable to 
dissect it off from the larger anterior segment, and it will then 
be found that its appearance when undissected is deceptive, 
owing to its being greatly arched, or folded in the antero- 


VI 


1<:XT 1^: R N A L STR UCTU R E 


J 


i 


¥ 




posterior (lirection. A Inroad, l)ut short pliriigiiia descends fi’om 
tiie hind nuirgiii of tlio niehiscutellum into tlie interior f>f the. 
body, it should 1)0 noted tliat thongli the inetjuiotuin is forced, 
<is it wei’e, backwa.rds hy tlie gre<it extension of the ]n(‘sonotuin in 
the middle line of the ])ody, yet u.t the sides the metanotuui creeps 
for\va.rd so a,s to keep the points of attachment of tlie hind wings 
iieaa* to tliose of the front wings. In many forms of Hesperiidae, 
8 pliiiigida,e, Koctuidae, etc. the true structure of tlie metanotuin 
is further concealed by the Ijack of the mesoscutellum repovsing 
on, and covering it. 

1 )ilference of opinion exists as to tlie thoracic SriRACLES ; there 
is one cons])icuous enough in the membrane behind the pronotum, 
and it is tliouglit liy some writers tliat no other exists. West- 
wood and Sciidder, however, speak of a meso thoracic sjiiracle, and 
J)r. Gliapmau (considers that one exists. Minot describes^ a 
structure liehiiid the anterior wing, and thinks it nmy be an 
imperfei't spiracle, and we have found a similar stigma in 
fSVdirrnia pavonia. At the liack of the thorax tliere is on each 
side in some Lepidoptera- (Noctuidae, ArrJ/ui, otC:), a curious large 
cavity formed hy a ])roje(*.tion backwards from the sides of the 
luctastiu'iuim, and a. corresponding development of the pleura of 
the first aiidomirnd si^gment. Minot and others have suggested 
that tin’s may be a,u organ of liearing. 

The Abdomen' differs aixording to the sex. In the female 
s(!!ve,n segments are conspicuous dorsally, but only six ventrally, 
because the first segment is entirely memliranous lieneath, and 
is ('onciialed lietween tlie sec'xjud abdominal ventral plate and 
tln^ ],)OHtcrior c<jxa,e. besides these segments there are at the 
hind end two otliers smaller, more or less completely with- 
drawn into the body, and in certain cases forming an ovipositor. 
These nine segments are usually considered to constitute the 
abdomen; but according to Peytoureau,''^ a tenth dorsal plate is 
repr(*H0nted on either side of the aind orifice, though there is no 
trace of a corresponding ventral ])late. In tlie male the segments, 
externally conspicuous, are one more than in the female. According 
to ttie authority quoted;^ this sex has also truly ten abdominal 
segments, the ninth segment being withdrawn to a greater or 



’ Fourth Jlrp. 71. F. EnUmi. Co'uhm'm'lon^ 1885, j). 49. 

(J.IL Ac. Fc'L IFris, 1894, p. 360 ; and Ids TJiesis^ Bordeaux, 1895. 

O.Ji. Ac. Fci. PariSf cxviii, 1894., p. 542. 
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less extent to the inside of the body, and modified to form part of 
a copulatory apparatus ; its dorsal portion bears a process called the 
“ nncns ; the anal orifice opens on the inner face of this process, 
and below it there is another process — developed to a greater or 
less extent — called the scapliium.” The ventral portion of the 
ninth segment bears a lobe, the “ saecus '' (Peytoiireaii, l.c.). On 
each side of the ninth abdominal segment there is a process called 
the “ valve,” the internal wall of which bears some hook-like or 
other processes called “liarpes”; it is continued as a membrane 
surrounding the oedeagus,” or penis, and — bearing more or 
less distinct prominences — connects with the scaphiurn. In many 
forms the parts alluded to, other than the valves, are concealed 

by tlie latter, which 

^ come together when 

closed, and may be 
covered externally with 
scales like the rest of 
the abdomen. Peytou- 
reau considers that the 
uncus is really the dorsal 
plate of a tenth segment, 
and that the scaphiurn 

Fig. 160. — Aclie-rontia atropos. The termination of S jg tenth ventral 

body, one side removed. IX, Nintti dorsal plate ; mi ' 

IX', ninth ventral ; s, lobe, sacciis, of ninth plate. ThuS, according 
ventral plate ; X, tenth dorsal plate, or uncus; ^ 

SC, scaplinim, or tenth ventral plate ; a, position of . . 

anus ; b, chitinised band of scaphiurn ; V, valve or Segment is extensive and 

clasper ; c, hooks, or harpes, of clasper ; p, penis eoiimlex lieirur verv ' 
(or oedeagus). (After Peytoureau.) complex, ueing \ erj 

highly modified in all 

its parts : while the tenth segment is greatly reduced. The 

structure of the male organs is simpler in Lepidoptera, and less 

varied than it is in the other great Orders of Insects. Tliere 

are seven pairs of abdominal spiracles on the upper parts of the 

membranous pleurae. 

Legs. — The legs are long, slender, covered with scales, and 
chiefly remarkable from the fact that the tibiae sometimes bear 
articulated spurs on their middle as well as at the tip. The 
front tibia usually possesses on its inner aspect a peculiar 
mobile pad ; this seems to be in some cases a combing organ ; 
it also often acts as a cover to peculiar scales. The tarsi 
are five-jointed, with two small claws and a small apparatus, 
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the fuiietional iiiiportance ot which is unknown, hetwev.n the 
claws. 

Wings. — The wings are the most remarkable feature of this 
Order ; it is to them that butterflies owe their beauty, the sur- 
faces of the wings being freipiently adorned with coloui's and 
patterns of the most charming and effective nature. These 
effects are due to minute scales that are implanted in the wing- 
membrane in an overlapping manner, somewha,t similar to the 
arrangement of slates on the roof of a lioust^. The scales are very 
readily displaced, and have the appearance of a silky dust. We 
shall describe their structure and allude to their development 
subsequently. Tlie wings are usually of large size in com- 
parison with tlie Insect's body: in the genus Morjpho, the 
most gorgeous of the Initterflies, they are enormous, though the 
body is small ; so that wlien deprived of these floats the Insect is 
insignificant. The great ex])anse of wing is not correlative with 
great jiowers of flight, though it is perhaps indicative of flying with 
little exertion ; for the small-winged Lepidoptera, Sphingidae, 
etc., have much greater powers of aerial evolution tlian the large- 
winged forms. The area of the wing is increased somewliat by 
the fact that the scales on the outer margin, and on a part or on 
the whole of the inner margin, project beyond the edges of tlie 
memljrane tliat hears tliem : these projecting marginal scales are 
called fringes. In many of the very small moths the actual size 
of tlie wing-membranes is much reduced, but in such cases the 
fringes may be very long, so as to form the larger part of the 
surface, especially of that of the hind wings. Frequently the 
hind wings are of remarkable shape, being prolonged into pro- 
cesses or tails, some of which are almost as remarkable as those 
of Nemoptera in the Order Neuroptera. 

The wings are very rarely absent in Lepidoptera ; this occtxrs 
only in the female sex, no male Lepidopterous imago destitute of 
wings having been discovered. Although but little is known of 
tlie pliyaiology of flight of Lepidoptera, yet it is cleaiiy important 
that the two wings of tlie same side should be jierfectly coadapted 
or correlated. This is effected largely by the front wing over- 
lapping the hind one to a considerable extent, and by the two 
contiguous surfaces being pressed, as it were, together. This is 
the system found in butterflies and in some of the large moths, 
such as Ijasiocampidae and Saturniidae ; in these cases the hind 
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wing always has a large shoulder, or area, anterior to its point 
of insertion. In most moths this shoulder is a1)seiit, ])ut in its 
place there are one or more stiff bristles projecting forwa-rds and 
outwards, and passing under a little mem] jranous Hap, or a tnlt 
of thick scales on the under face of the front wing; the bristle is 
called the frenulum,” the structure that retains it retina, culiim.” 
In Gastnia (Fig. 162) and in some Sphingidae tliere is the un- 
usual condition of a highly-develoxDed shoulder {s) coexisting with 
a perfect frenulum (/) and retinaculum (r). The Irenuluni and 
retinaculum usually differ in structure, and tlm retinacnlnm in 
position, ill the two sexes of the same moth; the nmle, which 
in moths has superior powers of flight, having the'])etter retaining 
organs. Hampson says the form of the frenulum is of gr(‘,a,t 
use in determining sex, as in the males of all tlie forms that 
possess it, it consists of hairs flrmly soldered togetlier so as to 
form a single bristle, whilst in nearly all females it consists of 
three or more bristles which are shorter than tliat of tlic nude ; 
in one female Cossid I have found as many as nine. •Also in tluj 
large majority of moths the retinaculum descends from the costal 
nervure in the male, while in tlie female it a,scends irom the 
median nervure.”^ This sexual difference in a struc,ture for the. 
discharge of a function common to the two sexes is a very re- 
markable fact. There are a few— very few — moths in which tlie 
bases of the. hind wings are not well coadapted with the front 
wings, and do not possess a frenulum, and tliese s])ecies ])ossess 
a small more or less free lobe at the base of the front wing that 
droops towards the hind wing, and may thus help to keep up an 
imperfect connexion between the pair ; this lol.)e has Ijeeii nanuHl 
a jugum by Professor Comstock. Occasionally there is a jiigum 
on the hind as well as on the front wing. There is ' usually a 
very great difference between the front and the hind wings; for 
whereas in the front wing the anterior portion is doubtless of 
great importance in the act of flight and is ])rovided witli 
numerous veins, in the hind wing, on tlie other hand, the corre- 
sponding part has not a similar function, being covered liy the 
front wing ; hence the hind wing is provided witli fewer nervures 
in the anterior region, the divisions of the subcostal being less 
numerous than they are in the front wing. In the moths 
possessing a jugum the two wings differ but little from one 
^ Fauna of British India^ Moths, i. 1892, p. 6. 
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and it is jirolialdn tlia,t tli(\y runctinn almost as four 
so])a,ra,to wings instea,(l of a,s two ])a,irs. 

WlNcGNERVUitKS. — ^rhe ntirvuros or ribs of tlio wings are of 
great iinportaaice in. L(i])idoptera., as a,t present they furnish tlie 
chitif characters for classification and for tlie discussions of 
phylogeny that are so numerous in entginological literature. 
On looking at wings tlia,t have lieen deprived of their scales it 
will h(i noticed (,Fig. IGl) tiiat the ri])s are niucli more nimieroiis 
at the outer margins than they are near the points of aftaclinient 
of th(i wings, and that) there is usually hut one cell (or a,rea coni- 
pl(‘tely enclosed l)y ril)s). Tliis latter ]joint is oiu‘. of tlie chief 
])eeuliarities of the Lepidojiterous wing ; in Insect-wings generally 
tlu‘. numlier of cells in proportion to tlie area of the wings and to 
the numlier of n^rvures is greater than it is in Lepidoptera, for 
in the latter there <are few or no cross-nervures. Hence there is 
sometimes no closed coll at all on the Aviiig (Fig. 161, II. E). 
'[riie nuiximum numlier of closed cells is six; this is found in 
some spedns of Mi(-ro2il('rjfx, while in ITe.'pial'm there may he 
thr(E) or four; luit tlie rule is that tliere is only one cell in the 
L(^])i<lopt(irous wing. Wlien the iiumher of cells is increased 
this is not necessarily due to an. i}iereas(‘, in the cross-nervures; and 
in liict it is generally due to irregular forking or to the sinuous 
f(.)rm of the longitudinal nervures themselves (see wing of Castnia, 
Fig. 102, A.). Some autliorities consider that all transverse or 
cross-vdns in Lepidop(}(U‘a are riieriily portions of longitudinal 
veins having diverted courses. When a portion of a nervure 
Ixyoml the liasal or primary portion serves as a common piece 
to two forked parts external to it, it is called a stalk (Fig. 162, 
A, e). Tliei'C are cases in wliich the furcati(.>n takes jilace in the 
opposite direction, so that a nervure is double at the base of the 
wing (Fig. 161, I, A, la, and Ih 1/0- TIuh important condition 
has not y(‘.t been ad(M[iiately discussed. 

Turning to tlie mode of designation of the nervures,^ we may 

^ It IK irnpoKHitlc for us to treat of tlio difTiculties that exist on this point, and 
we must r(!fer the student to the pamphlet, “ The Venation of the Wings of 
Insects,” by Prof. Comstock, Ithaca, 1895, being a reprint, with an important 
jirefatory note, from tlm Mef/icrUs of Insect Anatomy, by J- H. Comstock and V. L. 
Kellogg, also to I’aekard’s discussion of the sulyect in Mem. Ac. Sci. Washington, 
vii. 1895, pp. 84-85. The method, of Spuler, alluded to in these two memoirs, is 
hasfid on developirumt, and, when extended, will doubtless have very valuable 
results. See Spuler, ZeMschr. wiss. Zool. liii. 1892, p. 697. 
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commence by remarking tliat no system satisfiictory from a 
practical as well as from a theoretical point of view lias yet been 
devised. The diagrams given in figure 161 will enable us to 
explain the methods actually in vogue ; I. representing the system, 
dating from the time of Herrich - Schaeffer, chiefly used by 
British naturalists, and II. that adopted by Staudinger and 
Schatz in their recent great work on the Butterflies of the world. 
The three anterior nervures in both front and hind wings 
correspond fairly well, and are called, looking at them where 
they commence at the base of the wing, “ costal,’' '' subcostal,” and 




Fig. 161. — Wing-nervuration of Lepidoptera. I, Diagram of motlis’ wings (after Hamp- 
son) ; II, of a butterfly’s wings [Murjoho onemlcms after Staudinger and Scliatz). 
A, front, B, bind wing. I. — c, costal ; scy subcostal ; m, median ; la, lb, Ic, in- 
ternal nervures ; /, frenulum ; 2, 3, 4, brandies of median nervure ; 5, lower 
radial; 6, upper radial; 7-11, divisions of the subcostal; 12, termination of 
costal ; c, cell ; d, discocellular nervure. II. — C, costal ; SC, subcostal ; M, median ; 
SM and SNT, submedian nervures ; lA, inner-margin nervure ; UR, lower radial ; 
OR, upper radial ; SC^ to SU’’, divisions of subcostal ; to divisions of median 
nervure ; C, cell ; DC, discocellulars. 

'' median ” nervures. The nervures near the inner margin of the 
wing (that is the lower part in our figures) differ much in the front 
and hind wings, consisting either of two or of three separate 
portions not joined even at the base. British entomologists call 
these '' branches or divisions of the internal nervure ” : the 
Germans call the more anterior of them the '' submedian,” and the 
more internal the “inner-margin nervure”; they are also frequently 
called anal nervures. The cross-nervure that closes the cell is 
called discocellular ; when apparently composed of two or three 
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parts joined so a,s to foriii angles, tlu‘, parts a.r(*, <*.a,lied, aecoixllug 
to ])Ositioii, upper, lower, and middle discocellulars. One or luore 
sfiort spurs may exist on the front part of the basal ])ortion of 
the liiiid wing ; tliese are called praecostal. The branelu^.s or 
terminal divisions of the nerviires sliould ])e called nervules ; tla^y 
are nsually mentioned by the niini])ers sliewn in the diagram 
(Fig. 161, I-). In addition to this, it is only necessary to re- 
niemher that numl)er 2 is always assigned to the ])OstGrior divisi(.)ii 
of the median nervure, tlie nervules below this being all called 1 , 
and distinguished by the addition of ,2 

a, h, c when requisite. This course 

is necessary, because if it were not y, 

adopted tlie corresp)onding nervules \ 

on the front and hind wings would A 

bear different numbers. 

The use of this system of num- 
bers for the nervules is becoming 

general, and it answers Ihirly well ^ 

for practical purposes. On the other / / // 

liand, extreme discrepancy exists as xy'"/ / 

\>o the nomenclature of the nervures 
and nervules, and there are almost as 
.u.», systems tl,«rc ate auU.otilie., 

The normal number ol nervules B, iiiud wingn. \a, ib, u, n<', 

. , £• A, ' 1 1 I i o .Inner marginal iierviims ; 2, lower 

IS, on the front wing, ll-f* I or ^ branch of median; 8, subcostal 

inner marginal, and on the hind .<>f tind wing; 12 , subcoHtai of 

. 1 -, rk • -IT front wing; “stalk” of 8 and 

Wing 7+2 or 3 inner margmal. In 9 . y; fremdnm ; -r. retinaculum ; 

the aberrant xnotlis of tlie genus siumUier; ^/, articulation of 

^ wing. 

(kid'uia the nervuration is unusually 

complex and irregular (Fig. 162), and an analogous condition 
occurs in our common Goat-motli {Coams lignvperda). In 
Ifqrialus and Microptergx (the jugate moths of" Comstock) the 
liind wings are less dissimilar in nervuration from the front 
wings tlian they are in other Lepidoptera.^ 

Internal Anatomy. The alimentary canal extends as a long, 

^ The Htriictiire and development of scales and nervures is dealt with an part of 
the brief study of the development of the wing, on p. 329, etc. 

^ The internal anatomy of Lepidoi)tera has not been extensively studied. For 
information refer to Dufour, C.Jt. Ac. Paris, xxxiv. 1852, p. 748 ; Scudder, IhdL 
New PJiKjland, i. 1889, p. 47 ; Minot and Burgess, P'ourtk Hep. U. S. Pnioia. Oofmn. 
1885, p. 53. 
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slender oesopliagns through the length of the thorax, diLatiiig when 
it reaches tlie abdomen to form a tulndar stomacli ; l)efore this 
it is somewhat enlarged to form an indistinct crop, and gives off 
a large diverticulum usually called a sucking stomacli. According 
to Burgess, this structure does not possess the function ascribed 
to it by this name, and he terms it a food-reservoir. The Mal- 
pighian tubes are six in number, three on each side, and each set 
of three unite to form a common tube opening into tlie posterior 
extremity of the stomach ; beliind them the alimentary canal 
continues in the form of a slender, tortuous intestine, expanding 



Fig. 163. — Internal anatomy of Lepidoptera. Section otthe l)ody of a female Inittcrfly, 
(After Sciidder. ) The portion to the left of the vertical line 
more magnified. 1. 11. III. thoracic segments ; 1-9, alxloininal segments ; 
antenna ; a, anus ; ac, aortal clianiher ; a(/, etc., abdominal ganglia ; agP, 
accessory glands ; «o, aorta ; br, brain ; c, colon ; cjo, copnlatory pouch ; c:/:*, cx-, 
coxae ; fr, food-reservoir ; suboesoplmgeal ganglion ; h, dorsal vessel ; i, 
intestine ; area filled by wing muscles ; /.of, ovary, or egg-tul>es of left side ; 
7)iv, Malpighian tube (the two others of the right side cut away, except small por- 
tions) ; maxilla ; o, oviduct ; no, its orifice ; oe, oesophagus ; ov.c, end of left 
ovary ; p, labial palp ; ph, pharynx ; r.o?’, terminal parts of rig] it ovarian tubes, 
turned to one side, after the tubes have been cut away ; .<id, salivary duct : sr/l, 
salivary gland ; sp, sperrnatheea ; sty stomach ; t(jy thoracic ganglia ; r, coinilatory 
orifice. 

at the extremity of tlie body to form a rectum. Tlie dorsal or 
circulatory vessel commences near the posterior extremity of the 
body, but in the front part of the abdomen is deflexed to ])ass 
under the great phragma into the thorax, where it rises abruptly 
to the dorsal wall, but is again abruptly deflexed, forming a loop, 
and is then prolonged above the oesophagus into the .head : at 
the summit of the thoracic loop there may be a dilatation called 
the aortal chamber. The supra- and infra-oesophageal ganglia 
are consolidated into a mass pierced by the oesophagus : there is 
a minute frontal ganglion ; the ventral chain consists of three 
much approximated thoracic ganglia and four abdominal ganglia 
sepai-ated from the thoracic by a long interval. 


VI 


INTERNAL STRUCTU RE EG( 1 



Tlie iiiale sexual organs consist of tlie two testes pLieed in a 
comnioii capsule, from wliicli proceed a pair of contiguous va.sa, 
defereiitia (dilatcnl soon after tlieir origin to form t}i(3 vesiiadae 
seininales) ; into each vas there opens a long, tulndar gland; tlie 
two vasa siihsequently unite to form a long, coiled, c‘Jacula,tory 
duct. It is in the structure of the female sexual organs that the 
most remarka1)le of the aaiatomical characters of Lepidoptera is 
found, there lieing two external sexual orifices. Tlie imago luis, 
in the great majority of cases, four egg-tulies in eacdi ova,ry ; the 
pair of oviducts proceeding from tliem unite to form a single un- 
paired (azygos) oviduct wliich terminates hy a,n orifice ({uite at 
the posterior extremity of tlie body. There is a, sac, the liursa 
copulatrix or copulatory poucli, which is jirolongcid in a tulmlar 
manner, to open externally on tlie eighth ventral pLa.te : a tulie, 
the seminal duct, connects the bursa with the oviduct, and on this 
tube there may Ije a dilatation — the spermatheca, Desides these 
structures two sets of accessory glands open into the oviduct, a,n 
impaired gland, and a pair of glands. The developiiKiut of thes(.3 
structures ha,s lieeii described by Ilatcliett Jackson,^ and (‘xbibits 
some very interesting features. I'he exa,ct functions of tlie ljursa, 
copulatrix and of tlie other striudures are by no nK3a.ns clea,r. 
According to Itiley,“ the s])crmatlieca in Fron'ifha contains somc3 
curious radiate liodies, and Godman a,u(l Salviu describe some- 
thing of the same sort as existing in l)utterilii\s. Several varia,- 
tioiis in the details of the structure of these remarkaldy (Mimplex 
passages liave ].)e(‘.n descrilied, and tlui vai-ious ducts aixi some- 
times rendered more complex by diverticula, attached to them. 
Some noteworthy diversiticis in the main anatomical features 
exist. According to Cliolodkovsky, there is Init one sexual 
aperture — the xiostinior one — in NimiaUyiii wcUdlunH ; while, 
according to Brandt, tlie mimlier of egg-tuhes in a few cascis 
exceeds the normal — four — being in Hesia mdiaej'iynnif^ fourteen. 
In Nematois mMaUir/iis there is individual variation, tlie number 
of tubes varying from twelve to twenty. 

Tlie egg has been more extensively studied in Lepidoptera 
than ill any other Order of Insects. It displays grea,t variedy : 
we meet with (ilongate forms (Fig. 164) and flat forms like 
buttons, while in Lmiruwdes (Fig. 83, Vol. V.) the egg is a 



'(rr\T tTT 


^ Tr. Li'tin. Hoc. jAnidon (2), v. 1890, p. 143. 
- 1\ cnt. Hoc. Washinylon^ ii. 1892, p. 305. 
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transparent scale of somewhat inconstant outliiiO"^ 
coloured and mottled somewhat after the fashion of hirds’-t^.u^^s ; 
this is the case with some eggs of Lasiocampidae and J.ipa/rKlac. ; l u 
some the sculpture of the egg-shell is of the most elal><)rat(‘ ('liai- 
acter (Figs. 77, 78, VoL V.). The egg-shell or cliorion is, a.oM^nh 
ing to Korschelt ^ and others, a cuticular product of the (qatliclium 
of the egg-chambers of the ovaries. Tlie number of (‘gg-s doposiiial 
by an individual differs greatly in different species, and lias bccoi 
ascertained to be variable within certain limits in the. StUne 
species. Speyer thought about 250 to be the avora.g(‘. iuiuiIhm’ 
of eggs deposited by an individual. The number in lh<‘. <'as<i (»r 
Ajporid cTcitaegi is believed to be from 60 to 100, and in so uh*. 
Sepicdus to be several thousands. The mode of de]H)sitiou also 
differs greatly ; where the eggs nm vcny 
numerous they seem to be disclia.rg(‘d almost 
at random in suitable spots; but moths such 
as Clisiocamim neustria fa.sten tludj* (ggs 
round the stems of the food-phtnt in a. v(‘ry 
perfect and artistic manner. J)Uttnrfli(\s 
seem as a rule to prefer to oviposit by jdacing 
an egg here and there ratlier tliun risk many 
in one situation; but to this tlu^rit are many 
conspicuous exceptions especially in thti <‘hs(‘K 
where the larvae live gregariously, as in tlu*. 
Yanessae. Some moths cover tin*, eggs with 

_ ■ ■ fur from their own body, which, in tin; am* 

of certain of the Eggers (La,Biocani))idae), 
riQ.164.— Egg of Orange- seems to have a special supply for tlui pur- 
cardammes, magni- pose. The period that iiiterveiieH hetwcuui 
fied. a, The egg of deposition and hatching of the eggs varices 
from a few days to many months. Therti 
seems to be, as a rule, comparatively little power of extiuiding the 
period of latency beyond a single season; though certain facin 
have been recorded that would lead us to believe that in 
Australia eggs may last over the proper time during a drouglit, 
and he hatched as soon as rain falls. 

Larva. — The young condition or larva of the Lepidopterous 
Insect is commonly called a caterpillar. It is a somewhat 
worm-like creature — ^in old English it was sometimes called 
^ Acta Ac. German, li. 1887, p. 238. 
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palmer-worm — and is composed of a head and thirteen divisions 
or segments of the body ; tlie first three of the latter are called 
thoracic, the other ten, abdominal segments; inmost caterpillars 
the terminal two or tliree abdominal segments are more or less 
run together, and the nintli may be very small, so that the true 
number is indistinct. The first tliree segments bear each, on 
either side, a short limb, ending in a curved spine ; tlie next 
two (or tliree or more) segments are destitute of legs, Init on 
some of the following divisions another kind of leg of a more 
fleshy character appears, while the body is terminated liy a pair 
of these thick legs of somewhat difhuent form. The front^legs 
are usually called the true legs, the others prolegs, but this latter 
designation is a most unfortunate one, the term pro ” lieing in 
entomology used to signify anterior; it is therefore better to 
call tlie three anterior pairs thoracic legs, and the others abdominal 
feet, distinguishing the hind pair of these latter as chospers. 
There is, too, am unfortunate discrepancy amongst entomologists in 
their manner of counting the body-segments, some count the hea.d 
as the first segment, while otliers a-pply this term to the first 
thoracic segment. Tlie hitter is tlui more correct course, for, as 
tlie head is not a single segment it sliould not lie called such in 
a terminology that affects to lie morphologically exact, not simply 
descriptive. The thoracic legs ar(i transversidy jointed (Fig. 1G5, 
B), but this is not the case with the alidomiual f(‘.ct, which are 
usually armed beneatli witli a circle, or with rows, of little liooks. 
The thoracic legs are, independent of their form, of a different 
nature from the ahdominal, Ibr these latter disappear subsequently, 
while the former give rise to the legs of the imago. The number 
of thoracic legs is always six, except in a few cases wliere there 
are none at all ; the abdominal feet are much more variable, and 
exhibit so many distinctions tliat we cannot here attempt to 
deal with them. M. Goossens has given a concise and interest- 
ing account of this subject,^ and Speyer “ a summary of the variety 
in number and position. 

The anatomy of the larva is simple in comparison with that 
of the perfect Insect; its main features will be appreciated from 
Fig. 165, from which it will be seen that the stomach is 
enormous, and the silk-vessels are also very extensive. There 
are three sets of glands opening by canals on tlie liead, viz. the 
^ Ami. aSV;c. cnt. France, 1887, jip. 884-404, PI. 7. ^ Isis, 1845, p. 835. 
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salivary glands jjroper, which oj^en into the cavity t he nioutJi, 
one close to the base of each inaudiblt*; the. silk-glHiids, which 
terminate by a common canal, continued extern;i{ly as t he spiji- 
neret; and the glands of Filippi situa,te in the. Jica.d itself*, and 
opening into the ducts of the silk-glands, neai’ tlahr union 
into a common duct. It should be ree()Ileete.d that. f'ig. Hid 
does not indicate all the details of the a,na.toniy : the. niusculai* 
system, for instance, being entirely ouiitte.d, though then* are 
an enormous number of riiuscles ; tlu^se ho\v(^vi*r are not \*ery 
complex, they being mostly repetitions in th(‘. sucfa^ssivtt s(‘g- 
incuts.^ The mouth-parts are very different from those (d* tin* 



Fig. 165. — A, Section of male caterpillar of Anoaia plej'ippim niuMi-nlar and traclM'al 
systems and fat-body not shown: I, pn;-, II, iiieso-, III, nadnUliorax ; MO, 
abdominal segments ; 6, snpra-oesophageal ganglion ; <\ rec.tum ; il.t\ dor al vi'n*icI ; 
g^-g^, ganglia of ventral cliain ; h, head ; •/, inteKlinc ; ///.r, Mnlpigliian fulH* 5 //.p, 
nerve-cord of ventral chain ; oe., oesophagus ; .v, Hpii)n(tr(*.t ; .v.o.//, infr.'Poo.sfipbaKeaJ 
ganglion ; st, stomach ; 6'.??, silk-vessel ; t, testis. B. Oihj of th«i .joint’d pKnhoiWjfs! 
legs. C, An abdominal foot with its hooks. (After Scuddor and IfiirgcHH, n»ag- 
ilitication about |.) 

perfect Insect, inasmuch as the maxillae and laijial lialj.i, which 
are the most remarkable structures of the imagf), fire Kiiiall, ami 
are differently constructed in the caterpillar, while the, muiidihleH, 
which are the largest organs of the eateri)illar, disiippear in tii<i 
adult. The little organ hy which the caterpillar exmhi.s its silk 
is called a spinneret; according to rackard it is a “ hetnologiie 
of the hypopharynx. It is a more or less jn'otninent point on 
the middle of the labium (Fig. 166,//) and sonietiineH fonns a 
conspicuous spine projecting downwards. The ey(w ans (ex- 
tremely imperfect organs, consisting mendy of six, iti some caseK 

^ For anatomy of caterpillars refer to Lyonnet’s famous work, Traild uiuiluinique 
de la chenille qui rouge le hois de saulc, La Hayc, 1762 . 
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fewer, traiispareiit, .soiiiewluit proiuiiient, little ,spa,ees placed on 
each side of the lower part of the head; tlu^.y a, re called “ ocudli/’ 
hy Landois ocelli coiupositi.” Under each of these exterind 
fa,cets there are placed percdpient a 

structures, apparently very imperfect 

functionally, the caterpillar’s sight ^ --c? 

being of the poorest charactc-rd The 

spiracles of the caterpillar are nine m!'. V 

on each side, placed one on the first 

tlioracic segment and one on each of ^ 'y 

the first eigdit abdominal segments; . ri i r 

there are no true stigmata on tlie a caterpiihir, with the jaws 

scccui „1„1 U.M tiioHMc 

though traces of their rudiments or oceiu ; r, maxilla ;/, linguu ; o, 




vestiges are sometimes visible. 


Fig. 166“.— Front vitnv of head of 
a caterpilhir, with the jaws 
partially opened, a, hahrurn ; 
h, maiidihle ; o, antenna ; d, 
ocelli ; e, maxilla ; /, lingua ; (/, 
spinneret ; // , labial palp. 


In the ca,ter])illar there are no traces of the external sexmd 
organs, so tliat the two sexes cannot l)e distinguished on super- 
ficial inspection; it was however long ago demonstrated hy 
Harold “ that the ovaries and testes exist in the youngiist cater- 
])illars, <‘ind undergo a certain mnoiint of growth and develoj)mcnt 
in the larval instars ; the most importa-ut feature of which is 
that the testes arc originally se])arate hiit suhse({uenUy coalesce 
in the middle line of the liody, and heeoine enclosed in a common 
capsule. In a few forms — especially of Liparidae — (I.ymaditriidae 
of modern authors) — the catcrpilhirs are said to he of different 
colours ill the two sexes. Most of what is known on tins point 
has Ijeen referred to ])y Hatchett Jackson.^ 

The Siidv-OLANDS of Lepidoptera are of great interest iTorn the 
physiological pioint of view^ as well as from the fact that they 
have furnished For many ages one of tlie most lieautiful of tlu^ 
adornments iruide use of hy oiir own spiecies. The sericteria, or 
vessels tliat secrete silk, are of simple structure, and differ greadly. 
in their size in the various forms of the Order; they sometimes 
liecome of great length; in the Silk-worm each of the two 
vessels is nea,rly five times as long as the body, while in 
Bomhyx yamamai and otliers, even tliis is exceeded. They 

See Plateau, JjuU. Ac, Belgique^ xv. 1888, p. 28; in reference to Htriicture of 
ocelli, Blanc, Tit,e du Bomhjx mori . . . 1891, i)p. 168, etc. ; and Landois in 
Zeitschr. wiss, Zool. xvi. 1866, p. 27> 

- En,ttaiciy/wngs(jeschichte dcr SekmeUerUnge, Cassel, 1815. 

2 Tr, Linn. Zoc. London j Zool. 2nd Ser., v. 1890, pp. 147, 148. 
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grow with remarkable rapidity, being in the young si llv-vvoi in 
only 3 mm. long, in the adult 22 mm. The in('reH,se in wcdght is 
still more remarkable; when the silk-worm is thirty-one (lays oI({, 
the serieteria weigh only 3 mgr., but when the age is fifty da.}s 
their weight has increased to 541 mgr., being then 5 of tlui wholti 
weight of the body. In the pupa they undergo a gradual atrojiliy, 
and in the moth they are, according to Helm, no longer t(» Ik^ 
found, though earlier authors were of a contrary opinion. ‘ Ao 
cording to Joseph,- the silk-vessels begin to develop a,t a, 11 (ex- 
tremely early age of the embryo, and are very different in tludr 
nature from the salivary glands, tlie former Ixdng d(nviva,tiv(^s ol 
the external integument (ectoderm), while the salivary ghiiids 
belong to the alimentary system. This view is to some extent ('on» 
firmed by the observations of Grilson as to the different maniun* 
in which these two sets of glands discharge their fuuctious. 


The chief feature in the anatomy of the larva is 


th 




size of the stomach. There is a very short oesophagus and (mop ; 
the latter becomes enlarged, sprea(ling out so as to form the 
stomach, a great sac occupying the larger part of the Ijody-cavity 
(Fig. 165). On the hinder end of this sac the Malpighian tulu^s 
open; they are similar in their disposition to tliose of the imago ; 
behind the stomach the canal expands into two successive, short 
dilatations, the first called an intestine, the second a rccTum ; 
they are connected by very short isthmuses. The dorsid vt^sscl 
is a simple, slender tube, extending from the eighth abdomiufd 
segment to the head. The main nervous systiun consist>s of 
supra- and infra -oesophageal ganglia, a small frontal ganglion, 
and a ventral chain of eleven ganglia, tliree thoracic a, ml eight 
abdominal, the last of these latter being double. Tlui s(‘-xual 
organs are q^uite rudimentary, and the passages connected with 
them very incompletely developed. 

Pupa. — The pupa, which is one of the most remarkable of 
the instars of an Insect’s life, attains its higliest d(iV(ilopment in 
Lepidoptera. The Lepidopterous pupa is fre(][uently called a (chry- 
salis,” a term originally applied to certain metallic butterfly pupae. 
The Lepidopterous pupa differs from that of other Insects in the 
fact that its outer skin forms a hard shell, all the appendages of 


^ For information as to the structure and function of the silk- vessels, refer to 
Helm, Zeitsclir. wiss, Zool. xxvi. 1876 , p. 434 ; and Gilson, La Cellule, vi. 1890, 
P- 116. - Jahresher. Bc)ilesisch. Ges. Iviii. 1881, p. 116. 
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tlie Ijody l)eiiig glued together 1)7 an exudation so as to forui a 
single continuous outer slciii. Tliis Ibriii of perfect pupa is called 
'' pujja ol )tecta.” The ohtected pupa is exhibited in various stages 
of perfection in tlie Lepidoptera ; the maxiiuuin of perfectitui is 
attained by the pupae of such buttertlies as are exposed without 
protection or coiicealinent ; on the other hand, we find in various 
small moths conditions of the that do not differ in any 

marked inanner from the pupae of Insects of otlier Orders. 
Moreover, certain Goleoptera and Diptera exhibit ohtected pupaci 
of a more or less perfect kind. Hence the pupa oh tecta is to he 
considered as a perfected condition that exists more frecpiiently 
in the Lepidopterii than in other Orders. 

The pupa has no orifices to the alimentary canal or sexual 

Fkj. 167.~~-Sectinn of 
female pupa of 
A mma. 

S»4 <lay.s old. I, 
pro-, 11, ineso-, III, 
meta-thorax ; 1-9, 

abdominal sog- 
ment.s ; anten- 
na (?) ; ac, aortal 
clijimber ; ag^ - a(f\ 
iibdomiual ganglia ; 
agl^ acecHKory 
glandH ; m, aorta ; 
br, brain ; colon ; 

C'p, ])nr.sa copulatrix ; ^;r, ereinaster ; ./b fust femur ; ./r, food-reservoir ; //., dorsal vessel ; 
i, part of intestine ; wz/r, Malpigliian tiilie ; wa:, base of maxilla ; oesophagus ; ov, ovary ; 
yz//., pharynx; sd, salivary duet; salivary gland ; ,< stomach; first tarsus; /y, 
compound thoracic ganglion ; tti\ second and third tarsus. (After Sciidder.) 

organs, hut 41 ig r(3spiratory openings are pervious. It has no 
means of locomotion, hut it can move a certain numher of the 
posterior segments (the numljer varialde accox’ding to kind). In 
some cases it is provided with spines, adininicula,” hy means of 
which, aided by the wriggling movements of the abdominal seg- 
ments, consideral)le changes of position can he effected. The 
pupae of the genus Mic/ro])te/njx apparently use the legs for 
locomotion, as do the pupae of Triclioptera. 

The study of the pui>a of Lepidoptera is less advanced than 
tliat of the imago and larva, between which it is, ixi many points 
of structure, intermediate.’' The interior of the inipa contains a 

^ The student will find im^zortant information as to the varieties of external 
form of pupae in Dr. T. A. Chaxunaif s writings ; see especially Tr, ent. Soc. London ^ 
1893, 1894, and 1896. 
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quantity of cream-lilce matter, including tlio results ol liistolysis 
— but this, as well as the condition ol the internal organs, differs 


much according to whether the change from the caterpillar to 
the moth is niiich or little advanced. 

Many pupae are protected by cocoons. These are masses of silk 
— very various in form — disposed by the caterpillar around itself 
during the last stage of its existence. Some of these cocoons a-re 
so perfect that the moth has considerable difficulty in escaping 
when the metamorphosis is complete. Various devi('es are used 
for the purpose of emergence; the russ-moth excretc^s a corrosive 
fluid, containing potassium liydroxide, and then ])rotects itself 
from this by retaining on the head while passing through it a 
shield formed of a portion of the pupa-skin.^ Lepido})terous pupae 
usually have the body terminated Ijy a projection of very various 
and peculiar form called ''cremaster.” In certain ca.ses these 
projections are used for the suspension of the pupa,, and are then 
frequently provided with hooks (Fig. 177, 0; D). In other cases 
the cremaster is frequently called the anal armature (Fig. 205, If). 

The development of the wings 
of Lepidoptera lias recently l)een 
much studied. It lias lieen known 
since the time of Lyonnet, tliat 
the rudinients of the wings exist 
inside the body of tlie caterpillar 
when it is nearly adult. Verson 
considers that he has detected tlie 
rudiments in the silk-wonn larva 
even before hatching, and he 
attributes tlicir origin to a 
modification of Ibrni of tliose 



Fig. 168.~Wing. rudiments of Pieris hypodemial cells that OCCUTiy 
orassicae. A, Rudiments of a wing ^ ^ 

before the first moult of tbe cater- I' he SpotS Where tllO Hpil'aclcs 

pillar : embryonic cells ; ex- of the SeCOIul (lucl third tlior- 

ternal cuticle ; h, hypodermis ; o, 
opening of tbe invagination ; tr, 

trachea. B, posterior wing-rudiment £q 2 . 

of full-grown caterpillar; h, semi- 
circular pad; c, a bundle of the there are no spiracles on these 

dopterous larvae). Gonin has 
examined the wing-rudiments in the caterpillar, a few days old, of 


acic segments might be looked 
(It will be recollected tluit 


^ Latter, Tr. cnt. Soc, London, p. 399. 
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Fieris and finds tlnifc the future wing is then indi- 

cated by a tiiickeniiig and hag-ging inwards of the hy]K)deiMiiis, 
and by some eiubryonic cells and a tracliea in close robition with, 
this mass (bdg. 1G8, A). The striixitiire grows so a,s to fVirni a, sac 
projecting to the interior of the body, connected with the body- 
wall l)y a pedicel, and penetrated l^y a tracliea forming In-anclies 
consisting of rolled and contorted small trachea, e (.big. IdcS, li). 
If tlie body-widl l.)e dissected off the caterpillar immedia.teh' 
before pupation the wings appear in 
in Fig. 169. This fact was known 
to the older entomologists, and gave 
rise to the idea tliat the butterfly 
could lie detected in a caterpillar by 
merely stripping off the integument. 

Tlie exact mode liy winch the 
wings become external at the time 
of ii])])eararice of the chrys<alis is not 
ascertained ; lint it would appear from 
Gonin’s oliservations tha,t it is not 
liy a process of evagination, but l)y 
destruction of the liy])odc,rmis lying 
outsi<le the wing. However this may 
be, it is well known tliat, when the 
catcrpilhir’s skin is finally shed and 
tlie chrysalis <appears, the wings are 
and soon liecome listened down to tlie l)ody liy an exiRkition 
that Imrdens so as to form the shell of tlie chrysalis. 

Scales and nervures.— Ilefoni tracing the further doveloj)- 
ment it will be well to discuss the structure of the scales and 
nervures that form such important features in tlie I/‘p)idopteroiis 
wing. 

If a section be made of tlie perfect wing of a Lepidopteron, 
it is found tliat the two layers or walls of tlie wing are firmly 
held together by material irregularly arranged, in a somewhat 
columnar manner. The thickness of the wing is .much greater 
where the section cuts through a nervure (Fig. 170, A). The 
nervures apparently differ as to the structures found in them. 
Spider observed in a nervure of Trvjphctena ^ronuba, a body having 
in section a considerable diameter, that he considered to be a 
^ Bull. Boo. Faudoise, xxx. 1894, Ko. 115. 


crumpled form, as shown 





Fra. 1()9. — Anterior parts of a cater- 
pillar of l\ brasiiiate, tlicf hody- 
wall liaving l)een disKCH’.ted oil, 
iiariiediately Ijcfort*. ])aj)atiou. 
a, a/. Anterior an<l posterior 
wings ; fit 4 first sj>iracle ; p', 

scooiid and third lugs. (After 
Gouin.) 

l‘ree, external ajipendages. 
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trachea, and also a wing-rib ” and blood-cells. He reniaiks that 
even in nervures, perfectly loinned as to their chitinoiis parts, 
either winff-rib or trachea or both may be absent. Schalfer 


was unable to find any tracheae 
examined, and he states that the 
matrix of the tracheae and even 
their inner linings disappear. The 
wing-ribs were, however, found by 
him to be present (Fig. 170, A 
and B). 

The scales that form so con- 
spicuous a feature in Lepidoptera 
exist in surprising profusion, and 



Fig. 170. — Structure of wing of imago. A, 
Transverse section of basal portion of wing 
[of Vanessa. ?] containing a nervure ; c, 
cuticle ; fr, wing-rib ; g, wall of nervure 
(“Grundmerabran”) ; h, liypodermis ; p, 
connecting columns : r, lumen of nervure ; B, 
section of a rib ; b, one of the cliitinous pro- 
jections ; str, central rod. (After Scbafier.) 


in the completed wings he 



A, Scale from upper Kiiriace of 
Mvares cuviynias ; B, from u|)p(!r 
surface of Pieris rapae ; C, I'roin 
inner side of fold of inner margin 
of hind wing of Laertius nor ; 
D, one of the cover-scales from the 
costal androconium. of Eudanms 
proteus ; E, F, G*, scales from andro- 
coniuiu of Thorybespylades. (After 
Scudder). 


are of the most varied forms. They may be briefly described 
as delicate, chitiiious bags; in the completed state these bags 
are flattened, so as to bring the sides quite, or very nearly, 
together. Their colour is due to contained pigments, or to stria- 
tion of the exposed surface of the scale ; the latter condition 
1 Zeitsehr. laiss. Zool, liii. 1892, p. 623. ^ ^ool, Jahrb. AnaL iii. 1889, p. 646. 
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giving rise to metallic “interference-colours.” ■ The walls of tlie 
scales are themselves, in some cases, tinted with pigment. It is 
said tliat some of the scales contain air, and that tlu‘, nlisteniim’ 
whiteness of certain scales is due to tin's. The exposed surface of 
the scale usually differs from the 
surface that is pressed down on 
the wing in being delicately and 
regularly striated ; the colours 
of the upper and under surfaces 
of a scale may also hci ‘ c[uite 
different. Scales are essentially 
of the nature of hairs, and all 

the transitions between hairs and ^ro. 172. — in.sertion of scales, a, 
true scales may l.)e found on tlie Socket holding the stalk in aalleno. 

Wings of certain hepldoptcra that of Polyommidun phlueus. h, Base of 

bear botll hairs and scales, e.g. scale s’vpioUUug-ring snrlaou of 
. 1 1 11*1 ""“S- (Alter Spulor.) 

ItlhomiLt, it has been calculated 

that there are a million and a half of scales on the wings of an 
individual of the genus Morpho. The scales are arranged on 
the wing in an overlapping manner, somewliat like slates on the 
roof of a house. Eacli scale has a short stalk, and is maintained 
in position liy the stalk fitting into a cavity in a projection of 
tli(3 wing-membrane (Fig. 172). 

Androconia.— The males of numerous butterflies possess 
scales peculiar in kind and various in arrangement. They may 
be either irregularly sciattered over the wing, or they may form 
very complex definite structures (Fig. 173). Tliey were formerly 
called “ plumules,'' but Scudder has replaced this name by tlie 
liebter one, “ androconia.'' The function of the androconia is 
still oliscure. An odour is believed to be connected with them. 
Thomas supposes ^ that these scales are hollow tubes in eoimec- 
tion with glands at their bases, and that matter secreted by the 
glands passes through the scales and becomes diffused. In 
nearly all Lepidoptera it is the male that seeks the female ; if 
therefore odorous scales were present in one sex only we should 
have supposed that this would have been the female rather than 
the male. As, however, the reverse is the case, the function of 
the androconia is supposed to be that of charming the female. 
Scudder considers that the covering part of the androconial 
^ Anier, Natwral., xxvii. 1893, p. 1018. 
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structures is sometimes ornumentaL As a rule, liowever, tlie 
''brands” of male Lepido];>tera detract from tlieir beauty to 
our eyes. 



FiCx. 173. — A, section of part of wing sliowing the complex androconia of Thanaos tages, 
a Skipper butterily. The turning over of the costal margin of tlie wing i.s in this 
case part of the arrangement, a, Upper covering-scales attached to the costal 
portion of the under surface of the wing ; &, edge of costal margin of tlie wing ; 
c, costal nervure with its scales ; cl, field of the wing next the costal nervnre, lieaving 
stunted scales ; c, the androconia proper, or male scales ; /, posterior covering 
scales ; (j, lumen of the costal nervure : B, a portion of the costal area flatten ed 
out and seen from above ; lettering as before : C, section of androconiuin on the 
second nervure oi Argynnis paphia. (After Aurivillius.) 


Eesuming our consideration of the development of tlie wings, 
we may remark that the history of the changes during the 
pupal state is still imperfect. By the changes of relative size 
of the thoracic segments the hind wing is brought to lie under 
the anterior one (i.e. between it and the body), so that in the 
newly foriiied pupa the arrangement is that shown in Fig. 174. 
The wings are two sacs filled with material surrounding peri- 
tracheal spaces in which run tracheae. The subsequent liistory 
of the tracheae is very obscure, and contrary opinions have been 
expressed as to their growth and disappearance. We have 
alluded to the fact that in some nervures tracheae are present, 
while in others they are absent ; so that it is quite possible that 
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the histories of the formfitiou of tlie iiervnres and of ilu/ir 
relation to tracheae are different in various Le])i(l()})l,c‘,r}i. Hiis 
conclnsion is rendered more inohiihle hy the stateiueiii of (hin- 
stock and Needham/^ that in some Insects the “ ]H‘rii.ra,<;lieaI 


spaces ” til at mark out tlie position of 
the future nervures are destitute of 
traclieae. Gonin thinks tlie nervures 
are derived from the slieatlis of the 
peritraclieal spaces, and a review of all 
the facts suggests tluit tlie traclieae 
have only a secondary rehition to the 
nervures, and that the view tliat a 
study of the pupal tracheae may lie 
looked on as a study of the pre- 
liminary state of the nervures is not 
sufiiciently exact. It is, however, 
probable that in Lepidoptera the 
pujial traclieae ])luy an important 
though not a ])rimary part in the 
formation of tlui nervures ; possibly 
this may Ijc hy setting up changes in 
the cells near them l.iy means of the 
air they su])|)ly. Semper long ago 
discovered hypodermal cylinders tra- 
versed hy a string (hig. 170, B), 
placed near tlie tracheae in the 



Fiu. 174.~ Transverse section of 

part of tlie, lu^wly Uisdosed 
('.lirysalis ol' /Ver/.v hrasHime^ 
sliowini,^ Uie. jxisitioii and Htruc- 
t-ure of tlie win^s, hanging 
from oiKi side of Die liody. 
e//-, Anterior wing ; r//>, pos- 
terior wing ; c, c, peritrac.lieal 
spaces ; U tnieheae. (After 
Gonin.) 


pu])a.“ It appears probable that tlie wing- ri Its Ibuiid in 
the nervures (Big. 170, Afr and B) are the final state of thesi*, 
cylinders, but the origin and import of the cylinders a, re still 
uiiknowiL 


Idle formation of the scales of the wing coinmcnccR very 
early— apparently soon after tlie casting of the larval slcin — 
though the completion of the scales and their pigmentation is 
dela-yed to a late period of the pupal life. Tlie scales are formed 
Ijy sjiecial cells of the hypoderniis that are placed deejier in the 
interior of the wing than tlie other hypodermal cells. Each 
scale is formed liy one cell, and protrudes through the over- 
lying hypoderniis; the membrane into which the scal(‘,s are 
inserted is a siilisecpiently developed structure, and the beautiful 


^ Amer. Natural. , xxxiL 1898, p. 256. Zeitsehr. wiss. Zool. viii. 1857, p. 826. 
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articnlatioa of the scale with the wing takes pkce by a (liviftioii 
of the stalk of the scale where it is encompassed l)y the rntmi- 
Ibrane. Semper was not able to show tlmt the scrile-ioriuiiig* 
cells are certainly liypoderinal cells, but this has sinc'c l)e(‘n 
demonstrated by Schaffer, who also shows that each ol the (‘.clls 
contains an excretory vesicle. 

Yeiy.little is positively known as to the development of the 
colour in the wing-scales. It has been pointed out ])y Hopkins^ 
that in some cases the colours are of the iiatiire of iirjittis , that 
is, of excretory matter of the kind that usually pass(‘s from the 
body by direct channels, and in the case of Lepidoptein,, ])y the 
Malpighian tubes. Miss Newbigin suggests that tlu*. organic 
pigments used in scale -coloration will he found to he of two 



Fig. 175. — Early condition of scales and nerviires. (After Semper.) A, Reel;i<iu of 
portion of wing of pupa of Sjphiiix ^i%ast'n ; ft, basal Tiieiiiibrane with tracliea 
beneath it; c, scale-forming cell; cl^ early state of a scale; ft, <?, more julvaiu'cd 
stages; /, hypodermal cells. B, of a cellular cylinder that ex(U’ei(*.s the 

nervure [or more probably the rib or “Rix>i)e’' of Schailbr ; cjf. Fig;. 170, H); h. 
epithelial [hypodermal] cells ; a, central string [supposed by Semioer to be a nerve J. 


kinds, urates and melanins, the urates being derivatives Iroin nitro- 
genous, the melanins from carbonaceous, matteis.^ Marclial, who 
has devoted a great deal of attention to the study of the Mal|)i- 
ghian tubes, informs ns that the snhdermal pigments of catcir- 
pillars are frequently in large part deposits of iixateB, and he in 
of opinion that, the function of the Malpighian tiilies being 
arrested at certain periods of the metamorphosiR, elirnination of 
the matter they separate when functionally active tlien takes 
place in a variety of other ways.^ A similar condition as to 
the melanin-pigments and the respiratory functions appears also 

^ Phil Trdois. 186 B, 1896, No. 15. Natural JScience, viii. 1896, p. 94. 

* Bull Soc. ent, frame, 1896, p. 257. 
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]}le. The Hcuh^s when first fornieci are pallid, and the physi- 
of tlieir pignientatioii is not fully ascertained; it is, how- 
hnowii tint when the scales are pallid the hypoderinis is 
- pigmented or in close contact witli pigmentary matter, 
Iiat as the scalt^s Ixicoine coloured this pigmentation of the 
tmuis (Hminishes; so that it is clear that the colour of 
iales is oljtaj'iuid iroin matter in the interior of the develop- 
dug, and prol)ahly l)y the agency of the liypodermis. 

Hi pjittern on tlie wings (jf Lepidoptera is formed before 
;nierge,nc(‘, from th (3 Tr the Tortoiseshell butterUy, 

ling to S(diiifler, it comiiiences to appear about the ninth 
f th(^ pupal life, a,iid the pattern is completed about the 
itli or twelftli <la,y. He also states that the process varies 
rapidity, a,nd this, he thinks, may depend on the previous 
tion of the larva. According to lluckell the pupa of 
ohhns Imdna is sufficiently transparent to allow the develop- 
of th(j colour of the imago to he watched. He says that 
oloration occurred first in front; that its entire production 
d(Mi less tha-n twenty-four hours, and only commenced about 
-eiglit hours liefore the imago emerged.^ When the butter- 
av(is tlu‘, pupfil skin the wings are soft, crumpled sacs, of 
aradivnly smadl si;<e, but, as everyone knows, they rapidly 
id and liecome rigid; the pliysiology of this process is 
xmtly still unknown. 

. great diial of (ividencci, hotli direct and indirect, has 
nulati^d showing that the organisation of many Lepidoptera 
cessivedy sensitive, so that slight changes of condition pro- 
renmrkahle results; and it has also been shown that in the 
part of the life this sensitiveness is especially great at the 
d of cedysis. .¥11111010x18 Ixutterflies produce more than one 
Lution a year, and sometimes the generations are so different 
tliey have passed current with entomologists as distinct 
es. The phenomena of this character are styled Bcasonal 
.tions'’ or '"seasonal dimorphism.’' It has, however, been 
11 that, by careful management, the eggs of a generation (say 
a) may be made to produce form a, whereas in the usual 
of nature they would jiroduce form 1 ). A very remarkable 
ition is exhibited by the North American ra'pilio ajax, Tliere 
three forms of the species, known as F, ajax, P, telamonideSy 
1 mt. Mecord, vi. 1895 , p. 258 . 
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and P. mccTGellus. It is uncertain how many generations tliere 
may be in one year of this species, as the length of the life- 
cycle varies greatly according to circumstances. But in West 
Yirginia all the butterflies of this species that emerge from the 
chrysalis before the middle of April are the form mmxeUvs ; 
those produced between the middle of April and the end of May 
are telamonides ; while those that appear after this are ajax. 
P. telamonicles is not, however, the offspring of marcdlus, for both 
forms emerge from pupae that have passed through the winter 
(and are the offspring of ajax), those that emerge early being 
■marcellus, those that appear later tekwionides. 

In various parts of Asia and Africa the butterflies produced 
during the wet season differ more or less markedly from those of 
the same species produced during the dry season. These are 
called '' wet ” and dry season ” forms. Their aetiology lias not 
been investigated, this discovery being comparatively recent. 

Turning to the early life we find that some larvae vary in 
colour, and that this variation is sometimes of a definite char- 
acter, the larva being one of two different colours — green or 
brown. In other cases the variation of the species is less 
definitely dimorphic, a considerable range of variation being 
exhibited by the species. ' In tracing the life-liistories of Lepi- 
dopterous larvae it is not rare to find species in which the larva 
abruptly changes its form and colour in- the middle of its life, 
and so completely that no one would believe the identity of tlie 
individual in the two successive conditions had it not been 
shown by direct observation ; in these cases the change in 
appearance is usually associated with a change in habits, the 
larva being, perhaps, a miner in leaves in its first stages, and an 
external feeder subsecpiently. In the case of the larval variation 
we have alluded to above, it is understood that there is no 
marked change of habits. Poulton has shown ^ that it is not 
infrequent for some of these latter kinds of variable larvae to 
change colour during life, and he considers that liglit or conditions 
of illumination, that he speaks of as “ phytoscopic/' are the in- 
ducing causes. G-reat difference is, however, exhibited according 
to species, some variable species not being so amenable to these 
influences as others are. In dimorphic forms the change was 
observed to take place at a moult, the larva changing its skin 
^ Trans, eoit. Soc. London, 1892, p. 293, etc. 
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and appearing of another colour. In some cases the resiilf 
the change was to bring the colour of the larva into haniiotiy 
witli its surroundings, but in others it was not so. During tin', 
final stage many larvae are susceptible, the result being inad('. 
evident only when the puxja is disclosed. Variably colourtui 
pupae of certain species of butterflies have long been known, a,u<l 
it lias been shown that some of the varieties can be induced I>y 
changing the surroundings. The result of the changes is in 
certain cases correspondence between the colour of the individual 
and its surroundings. In the case of other species having p)U.])ir<' 
of variable colour, the colour of the i)upa is without relation to, 
or harmony with, the suiTOundings. 

Exxieriments have been made on pupae by Merrifield and 
others, with the result of showing •that by changes of texnxiora.- 
ture applied at certain moments some of the colours or rnarlvB oV 
the butterfly that will emerge can be altered. 

It is found that in certain localities the colour of varionH 
kinds of butterflies more or less agrees, while it differs from 
that of the same butterflies found in other localities. Thim 
Weir s^ieaks of a duskiness common to various butterflies in 
Java, and calls it ''phaeism'' ; and Bates states that in the Ania>;:<)n 
valley numerous species of butterflies vary in a similar inannevr, 
as regards colour, in a locality. This phenomenon is now calhul 
'diomoeochromatism,” and is supposed to be due to the effecd) of* 
local conditions on a susceixtible organisation, though there in no 
experimental evidence of this. 

Mimicry. — There are many cases in Lepidoptera of BpecdciH 
that depart more or less strongly in appearance from those foi’inH 
to which they are considered to be allied, and at the same tinu», 
resemble more or less closely species to which they are less allied. 
Tliis phenomenon is called mimicry.^ Usually the resemlxUng** 
forms are actually associated during life. Bates, who observcul 
this phenomenon in the Amazon valley, thought that it rniglii 
be accounted for by the advantage resulting to the excepjtionadly 
coloured forms from the resemblance ; it being assumed thfit 
» these were unprotected, while the forms they resembled worn 

^ Tlio term mimicry is sometimes used in a wider sense ; but we tliink it bettor 
to limit it to its original meaning. The word is a most unfortunate one, 
both inadequate and inaccurate. 

^ Trans. Linn. Soc. xxiii. 1862, p. 507. 
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believed to be specially protected by nauseous odours or taste. 
It was, in fact, thought that the destroying enemies were 
deceived by the resemblance into supposing that the forms that 
were in reality edible were inedible. This subject has been 
greatly discussed, and in the course of the discussion numerous 
cases that could not be accounted for by Bates’s hypothesis have 
been revealed. One of these is the hict that resemblances of tlie 
kind alluded to very frequently occur amongst inedible forms. 
This also has been thought to be accounted for by a supposed 
advantage to the Insects; it being argued that a certain number 
of “ protected ” forms are destroyed by enemies the instincts of 
which are faulty, and which therefore always require to learn l;)y 
individual experience that a certain sort of colour is associated 
with a nasty taste. The next step of the argument is that it 
will be an advantage to a protected butterfly to form j)art of 
a large association of forms having one coloration, Ijecause 
the ignorant enemies will more easily learn the association of a 
certain form of coloration with nastiness ; moreover such destruc- 
tion as does occur will be distributed over a larger number of 
species, so that each species of a large, similarly coloured, inedible 
association will have a less number of its individuals destroyed. 
It is scarcely a matter for surprise that many naturalists are 
very sceptical as to these explanations ; especially as the pheno- 
mena are supposed to have occurred in the past, so that they 
cannot be directly verified or divsproved. It has not, however, 
Ijeen found, as a matter of fact, that even unprotected butterflies 
are much destroyed in the perfect state by birds. Moreover, in 
endeavouring to realise the steps of the process of development 
of the resemblance, we meet with the difficulty that the amount 
of resemblance to the model that is assumed to be efl^icient at 
one step of the development, and to bring safety, is at the next 
step supposed to be inefficient and to involve destruction. In 
other words, while analysis of the explanation shows that it 
postulates a peculiar and well-directed discriminative power, 
and a persistent selection on the part of the birds, observation 
leads to the belief that birds have been but little concerned in# 
the matter. If we add to this that there is no sufficient evidence 
that the species now similar were ever dissimilar (as it is sup- 
posed they were by the advocates of the hypothesis), we think 
it is clear that the explanation from our point of view is of bnt 
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little iinportaiice3 The comparatively simple, liypotlietical 
explanation, originally promulgated by Bates, is sometimes called 
Eatesiari mimicry ; while the “ inedible association ” hypothesis 
is termed Milllerian miniiciy. 

Tliere is one branch of the subject of mimicry that we think 
of great interest. Tins is the resemblance between Insects of 
dilferent Orders ; or between Insects of the same Order, but be- 
longing to groups that are essentially different in form and 
appea,ra,nce. It is not infrecpient for beetles to resemble Hymen- 
op tera, and it is still more freipient for Lepidoptera to resemble 
Tfymenoptera, and that not only in colour and form, but also in 
movements and attitude. Druce says : “ Many of the species of 
Zygaenida,e are the most wonderful of all the moths ; in some 
cases they so closely resemble Hymenoptera that at first sight it 
is almost impossi])le to determine to which Order they belong.”*'^ 
W. Mliller says: “The little Lepidoptera of the family Glaucopides, 
that are so like certain wasps as to completely deceive us, have 
when alive exactly the same manner of holding their wings, the 
same restless movements, the same irregular flight as a wasp.”^ 
HeiU and others record a case in which a Brazilian Meter oglossa 
exactly resemldes a humniing-l.)ird, in company with which it 
flies; and the same naturalist also tells us‘^^ of a Skipper butterfly 
that greatly resemljkis a grasshopper of the genus TeMix, and that 
moreover makes movements like the jumping of grasshoppers. 
In most of these cases tlie probabilities of either original 
similarity, arrestt^d evolution, or the action of similar conditions 
are excluded: and tlie hypothesis of the influence, by some means 
or otlier, of one organism on another is strongly suggested. 

The classification of Lepidoptera was said by Latreille a 
century ago to be a reproach to entomologists. Since that time 
an enormous number of new species and genera have been 
descidbed, l)ut only i^ecently has much advance been made in 

^ A siurirnaiy of the cliief aspects of tlie question is contained in Becldard’s 
Animal Oaloralion, London, 1892. An account of the suLject with niinieroiis illus- 
trations has l)een given hy Haase, IJiitersuchungcn iiber die Mimicry,” Mhl. 
Zool. iii. 1898, Heft viii. Those who wish to see the case as stated by an advocate 
may refer to Professor Poulton’s work, The Colours of Animals (International 
Scientific Series), Ixviii. London, 1890, 

P. Zool. Soc. London, 1883, p. 372. 

^ Kosonos, xix. 1886, p. 353. The Insects alluded to by both these naturalists 
are now, w'c believe, placed in the Family Syntoiriidac (see p. 388). 

^ ent. Zeit. li. 1891, p. 264 ; and Ivi. 1895, p. 234. 
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the way of improvement of classification. The progress iiiade 
has been limited to a better compreliension and definition of tluj 
families. The iierviiration of the wings is tlie character most 
in vogue for this purpose. As regards the larger groups, and 
Pliylogeny, there is a general opinion prevalent to the el feet tlia-t 
Micropterygidae, Eriocephalidae and Hepialidae are in a com- 
paratively primitive condition, but as to the relations ol these 
families one with the other, or with other Lepidoptera, tiieie is a 
wide difference of opinion. 

The primary divisions of the family most often met with in 
literature are: — either Ithopalocera ( = butterflies) and Ileteio- 




Pig. 176. — Clubs of butter/lie.s’ 
a anteniiue. Terminal })ortioiiH 

(3 antenna of, 1, Phris bras- 

sR sicae; 2, infer n ali s ; 3, 

W lledm idea (sub-funiily Dan- 

II aides) ; 4, Eud(m'a.s 2 jrufe.u.s\ 

and 5, LimoeJiorea tavviiis 
(Hesperiidae). (After Scluitz 
and Scudder.) 


cera ( = moths) ; or Macrolepidoptera and Microlepidoptera ; 
the Macrolepidoptera including the butterflies and large moths, 
the Microlepidoptera being limited to the families Tincidae 
(now itself in process of division into numerous families) and 
Tortricidae ; some entomologists including also Pyralidae, ITciro- 
phoridae and Orneodidae in Microlepidoptera. The division of all 
Lepidoptera into two series is merely a temporary device necessi- 
tated by imperfect acquaintance with morphology.' The division 
into Macro- and Micro- lepidoptera is entirely uiiBcientific. 

Series 1. Rhopalocera or Butterflies. — Antennae knobljcd at tip or 
thickened a little before the tip, witlioiit pectinatioiiB, j)rojectiiig 
processes, or conspicuous arrangements of cilia. Hind wings witli- 
out a frenulum, but with the costal nervure strongly curved at the 
base (Fig. 161, II, B). 

Series II. Heterocera or Moths. — Antennae various in form, only rarely 
knobbed at the tip, and in such cases a frenulum present- In the 
large majority a frenulum is present, and the costal nervure of the 
hind-wing is either but little arched at the base (as in Fig. 161, 
I, B) or it has a large area between it and the front' margin; 
but in certain families the hind wing is formed much as in 
Rhopalocera. 
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It mfiy be inferred from tliese definitions that the distinc- 
tion between the two snb-Orclers is neither sliarplj defined nor of 
great importance. The cliih of the antenna of the Eliopalocera 
exhibits considerable varietj in form (Fig. 17G).^ Ihitterliies 
are as a rule diurnal in their activity and moths nocturnal ; l)iit 
in the tropics there are numerous Heterocera that are diurnal, 
and many of these resemble butterflies not only in colour but 
even in the shapes of their wings. 

Series I. Rhopalocera. ButterMes. 

Classification and Families of Butterflies. — Although 
considerable unanimity exists as to the natural groups of butter- 
flies, there is iniicli diversity of opinion as to what divisions are 
of equivalent value — some treating as suh-ftirnili.es groups that 
others call families — and as to the way the families should he 
coniljiiiecl There is, however, a general agreement that the 
Ilesperiidae are the most distinct of tlie families, and E. Eeuter 
considers them a distinct siib-Order with’tlie name Grypocera.*'^ 

Four categories may he readily distinguished, as follows, 
viz.: — ■ 

1. The ma jority of Imtterflies ; Laving tlie first pair of logs more or iciss strik- 

ingly different from the other pairs; freqtiently very much smaller 
and not ii«ed as legs ; when not very small, tlien difieriiig according 
to 8e.x of the same species, being sinaller in the male than in 
tlie Ihinalc ; the part most peculiar is tlie tarsus, whicli is nlodifu^d 
in various in aimers, but in the males of this great series is always 
destitute of its natural form of a succession of Biniple joints five in 
number. There is no pad on the front tibia. 

Fam. Nymi’hxlidae, Ebyointdae, Lyca.iqnti)ak. 

[The distinctions l)etween these thiuie ftirnilies are found in the 
aiuoiiiit and kind of tlie abortion of the front legs ; for 
definition refer to the lieading of each of the families.] 

2. The front legs are in general form like the other piiirs ; their tibiae 

have no pads; the claws of all the feet are biM, and there is an 
(unpodiiini in connection with them. Fam Piekidae. 

for an account of the aiitennic of huttcrflics, see Jordan, JV'ov. Zool. v. 1898, 
pp. 374415. 

“ Haase first proposed the name Hetroccra {De'iitscM mt. Zeit. Lcp. iv. 1891, 
p, 1) for Hespei-iidae, as a division distinct from all otlier butterflies ; Karsch 
replaced tlic name in the following year by Grypocora, because Nctroccra, is the 
name of a genus. 
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3. The front legs are like the other pairs ; their tiljiae however 2)()ssess 

pads; the claws are large, not bifid, and there is no eiiipodiiiiu ; 
the metanotum is completely exposed at the liase of the abdomen. 

Pam. Papilionidae. 

4. The front legs are like the other pairs ; tlieir tibiae liowever possess 

pads ; tlie claws are small, toothed at tlie base, and there is an 
empodinni; the metanotnin is concealed Ijy the prolonged and 
overhanging mesonotnin. Pam. Hesi^ekiidae. 

The relations between the families Erycinidae, Lycaenidae, 
and Nymphalidae are very intimate. All these have tlie front 
legs more, or less modified, and the distinctions between the 
families depend almost entirely on generalisations as to these 
modifications. These facts have led Sciidder to associate the 
Lycaenidae and Erycinidae in one group, which he terms 
“ Riirales.” It is however difficult to go so far and no farther ; 
for the relations between both divisions of Eurales and the 
Nymphalidae are considerable. We shall subsequently find that 
the genus Lihythea is by many retained as a separate family, 
chiefly because it is difficult to decide whether it should be 
placed in Erycinidae or in Nymphalidae. Hence it is difficult to 
see in this enormous complex of seven or eight tliousancl species 
more than a single great Nymphalo-Lycaenid alliance. The 
forms really cognate in the three families are however so few, 
and the number of species in the whole is so very large, that it 
is a matter of great convenience in practice to keep the three 
families apart. It is sufficient for larger purposes to bear in 
mind their intimate connexions. 

The Papilionidae and Pieridae are treated by many as two 
sub-divisions of one group. But we have not been able to find 
any justification for this in the existence of forms with connect- 
ing characters. Indeed it would, from this point of view, 
appear that the Pierid.a.e are more closely connected with the 
Lycaenidae and Erycinidae than they are with Papilionidae ; 
in one important character, the absence of the pad of the front 
tibia, the Nymphalo-Lycaenids and the Pierids agree. It has 
also been frequently suggested that the Papilionidae (in the 
larger sense just mentioned) might be associated with the 
Hesperiidae. But no satisfactory links have been brought to 
light ; and if one of the more lowly Hesperiids, such as Thanaos, 
be compared with one of the lower Papilionidae, such as 
Farnassius, very little approximation can be perceived. 
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It appears, therefore, at present that Ilesperiidae, Pa])i- I 

lioiiiclae, Pieridae, and the Nyniplialo-Lyeaeiiid coiu])le>: are I 

naturally distinct. Put in the following review of the families 
and sub-families of hutterHies, we shall, in a,ccorda,ii(*(5 with the I 

views of the majority of Lepidopterists, treah the ’Lycaeni(la,e I 

and Erycinidae as families distinct from both Nyinphalidae and I 

Pieridae.^ | 

The number of described species of butterflies is prolja.bly 1 

al)()ut 13,0 00; but the list is at present lar from complete; | 

forms of tlie largest size and most striking apx)earance being still i 

occasionally discovered. Forty years ago tlie niiml)er Icnown 
was not more than one-third or one-fourth of wliat it is at : 

j)resent, arid a crowd of novelties of the less consx)iciious kinds is 
brought to liglit every yea,r. Hence it is not too much to aaitici- 
j)ate tha,t 30,000, or even 40,000 forms ma,y be acquired if * 

entomologists continue to seek tlieni with the enthusiasin and 
industry tliat have been manifested of Lite. On the otlier 
hand, the species of Ilhox)<alocera seem to be peculiaaly lialile to 
dimoriphic, to seasonal and to local variation ; so tliat it is ; 

X)Ossil)le that ultimately the number of true species — that is, 
forms that do not breed together actually or liy nutans of inter- -i 

mediates, nioipliological or chronological — may have to be con- i 

siderably reduced. 

In Pritain we have a list of only sixty-eight native l)utter- 
flies, and some even of these are things of the past, while others 
fire only too certainly disap^iearing. Hew Zealand is still 
poorer, jxjssessing only eighteen ; and this numlier will prob- ^ 

al)ly be but little increased liy future discoveries. South fi 

America is the richest pfirt of the world, and Wallace informs us " ; 

that 600 species of Initterflies could, forty ycfirs ago> be found j 

in the environs of the city of Para. I 

Fam. 1. Nymphalidae.— ymr of legs m.uch reduced i 

in size in each sex, their ta/rsi m the male with hut 07ie joint, !: 

^ The litorature of })utterflies liaa become extremely extensive. The following ! 

worlcH contain information as to general (juestions : 1, Scuddor’s JJiUterJlics of Ne/w 

England^ a l)eautifully illustrated work eompleted in 1889, and replete with ^ 

interesting disenssions. 2, Btaudinger, Seliatz and lidhcr, ExotiscJui Ttuif alter, 
in three folio volumes (Fiirth, 1884-1887), with illustrations of exotic hutterflicss 

and a detailed sketch of their characters. 3, Enzio Reuter, ^‘IJhiir di(j T’fdpen j 

der Rhopaloeeren/’ in Acta Eoc. Eci. Femi. xxii. 1896, treating fully of classilica- ; 

tion and phylogeny. 
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though in the femcde there are usually five hut without any daws. 
Pu^a suspended hy the tail so as to hang down freely. We 
include in this family several sub-fiiinilies treated ])y some 
taxonomists as families ; in this respect we follow Bates, whose 
arrangement^ still remains the basis of biitterlly classification. 
With this extension the hTymphalidae is the most iinportaait of 
the families of butterflies, and includes upwards of 25 0 genera, 
and between 4000 and 5000 species. There are eight sub- 
families. 

It is in Nymphalidae that the act of pupation reaches its 
acme of complication and perfection ; the pupae hang suspended 
by the tail, and the cremaster, that is the process at the end 

of the body, bears higlily- 
A developed hooks (Fig. 177, 

C, D). The variety in 
/[If form of the chrysalids is 

5 humps or 
13m often project 

'1 from the body, making 

VIm Insect a fantastic 

I# / '' ^ WHi object ; the strange ap- 

A c B pearance is frequently in- 

Fig. 177. — Pupa of the Purple Emperor hutterfly, Creased by patches like 

A2^atma m.. New Forest. ^ A, Lateral, B, 
dorsal aspect ; C, enlarged view of cremaster ^ 

with the suspensory hook ; D, one hook still variouS parts of the liocly. 
more enlarged. that the 

term chrysalid was first suggested by these golden pupie. 

The Purple Emperor, Apatura iris, differs strikingly in the i)npa- 
as well as in the larva- stage from all our other Nymplialids ; it 
is of green colour, very broad along the sides, but narrow on 
the dorsal and ventral aspects (Fig. 177). The skin of this 
pupa is less hard than usual, and the pupa seems to be of a 
very delicate constitution. The Purple Emperor, like some of 
the Satyrides as well as some of its more immediate congeners, 
hibernates in our climate as a partially grown larva and passes 
consequently only a very brief period of its existence in tlie 
form of a pupa. 

Sub-Fam. 1. Danaides. — Front vying ivith inner- via, r gin 

^ Journal of Entomology, i. 1862, p. 218 : for early instars of South American 
Nymphalidae see Muller, Zool. Jahrh. JSysL i. 1886, p. 417, 
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{suhinM/ian) narvure, with, a short fori v at the base. Gdl of Idnd 
vying closed. Front foot of the female ending in a. corrugate 
hnoh. Caterpillars smooth, provided with a fe/w long Jlcshg pro- 
cesses. The claws are in a variable state, Ijeing soiiie times simple, 
as in Papilioiiidae, sometimes with an enipodiuni, a,pparcntly of 
an imperfect kind. The Danaides are usually kirgo Insects with 
an imperfect style of ornament and colour ; they liave a great 
deal of Idack or very dark scaling, and in some Fuploea. this 
is agreea,l)ly relieved Iiy a violet or‘purple suffusion, and tliese 
are really fine Insects. Usually there are large ])iile spa,ces, of 
some neutral indefinite tint, on whicli black blotclies are dis- 
tilbiited in a, striking ])ut inartistic manner. In many of the 
species tlie ma,rkings are almost spot for spot the same on the 
u|>per and under sides. Aliout seven genera and 250 s])ecies are 
recognised. Danaides occur in all the warmer parts of tlie 
world, l)ut a-re most numerous in the Eastern tropics. In Europe 
tlie fa,mily is represented only by an Asiatic and African, sjiecies, 
JA/mnas ehrysippus, tliat has extended its ra.nge to (I recce. 
Ilesides this a,nother species, Anosia erippus, (Jr. (unfortunately 
also caked Anosia. menipp}e, Hb., and Fanais archippus or even 1). 
plexippus) has in the last two or tliree decades extended its 
range to various islands and distant localities, concomitantly, it 
is lielicived, witli an extension of the distribution of its food-plant, 
AsrlejAas. This Insect lias several times been taken in this 
country, and .may jirobably lie a natural immigr<ant. It is a 
common butterfly in North America, where it is called the 
Moiiarcli.^ 

Some, at least, of tlie Danaides are unpleasant to liirds i.n 
odour or in taste, or lioth. Among them tliore occur, according 
to M,of)r(D' and others, numerous cases of resenil ilauce between 
forms that are thus protected. It is possible that the odour 
and taste are of some value to the Insects ; as, liowever, hutter- 
fiies of any kind appear to he but rarely attacked in the imago- 
state by birds, and as their chief enemies are parasitic .Insects 
that attack the larval instar, it is impossible to consider this 
protciction of sucli prime importance to the species as many 
theorists assume it to be. 

^ This in tlie suliject of Sciidder’s jjfe of a BuUerjly, 189S. 

“ 1\ Zool. Hoc. lAmlon, 1888, p. 205. 

^ Finn, /. Asiat. Hoc. Bengal, Ixvi. 1896, p. 528 ; Ixvii. 1897, p. 218. 
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Sub-Fam. 2. Ithomiides. — frovi Ddwf.'uIcH hij the, 
fe/nude front foot hwmng a true, Uiov<jh, i<otnrio}iat (dihreviafe 
tarsn^. The mtivrpiliivrs ham no lony pro(un>irH. Th(nH‘, lias 
considerable difference of opinion as to this division of Inittei’- 
flies. It is the family Neotropidae of 8cha.t:^, the Meclauiitidae 
of Berg; also the '' iJanaioid Ihdiconiidae ” of sevm’al previous 
writers, except that If/ima, and T/ijt'orea do not lieloiig heni 
hut to Danaides. Godinaii and Sa.lvin treat it a.s a. group 
of tlie Danaid sul)-fa,niily. The Ithoiniidt^s a,r(‘. ])e('uliar to 
tropical America, wliere some 20 or oO gimera and a, bout oOO 

s])ecies have luum disc'ovmHHl. 
Therti is ('O aside rable varitlo' 
amongst them. Itlhomia aaid 
Hymx'witln an*, renia.rka.ble for the 
sm<all a.r(!a of (heir wings, which 
bear rimuirkaJdy few s(ad(\s, thi\se. 
ornaiiKuits lieing in imuiy ca.s(*s 
limited to narrow' liands along 
the margins of the wings, and a mark (‘.xbmding along th(‘, 
discocch hilar nervule. Wallace says th(‘y privler the sluides of 
the forest and flit, almost invisibh^ among the dark foliagre 
Many of these spe(des liave the hind-wings diffivrently viuiied 
in the two sexes on the anterior part, in coniuictlou with tin*, 
existence in the male of peculiar fimj hairs, phuasl m^ar tin*, 
costal and sulicostal veins. Titliorra, and other forms are, how- 
ever, heavily scahal ins(‘.cts of strongin* build, their colours usually 
being black, tawny-r(id or brown, yellow, a,nd white. In the 
sub-faiu. Danaides, according to Fritz Miiller, tlui male has S('(mt- 
tufts at the extremity of the ahdomeu, whereas in Ithomiides 
analogous structures exist on tlm upper side of the hind-wing. 
Ithomiides’ have various colon r-r<isemhla,uces with luemherB of 
the Heliconiides and llieridae ; TUho'rea Ims colour aaialogucs in 
Helico7hius^ and Ttkowm in IHsmxrrphda. (formmly called ZepkdtH). 
Crowds of individuals of certain s|)(U'l(*s of Illumiia, uni ocea,sion- 
ally met witli, and mixed with them there are found a sniall 
nunilxir of examples of Disrnorphia coIolikmI like themselves. 
They are placied by Haase in his cixtegory of Heconda;ry models. 
Belt states tliat some Ithomiides are (listasUifuI to moukiiys and 
spiders, but are destroyed by Fossorial Hymenoptera, which use 
the butterflies as food for tlieir young ; and he also says that 
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th(3y are Yory wa,ry wlieii the wasx^ is near, and rise off their 
j)er(*.hes into the air, as if aware that the wasp will not then 
endea,Y()ur to seize tlieiii. Mucli infonnation is given about 
the ha,])its ])y ]ktes in tlie paper in which he first propounded 
the “ tlieory of mimicry.” ^ The larvae are said to live on 
Sohaia,ceae. 

The genus ITamad/ryas placed by some writers in Danaides, 
by otliers in Ithomiides ; and Haase has proposed to make it the 
group “ ra,la,eotropinaf3 ” The species are small, black and wliite 
Insects, somewhat like Pierids. They are apparently hardy 
Insects, and ai*e abundant in certain parts of the Austro-Malay 
region. 

Snb-Fam. 3. Satyrides. — Palpi strongly pressed together, set 
in front v)lih long, stif hmrs. Front wings fregnently with one 
or more of the nervures swollen or hladder-lihe at the base of the 
'wing. (Jells of loth 'wings dosed. Cater p'illar thickest at the 
'Uhid.dle, tibe hvnd end. if the hody hifid. Ptcpcc generally suspended 
hy the ere aiastei% 'icdt/umt g'lrth : hit sometimes tc'rrestrial. This 
is a very extensive group, consisting of upwards of 1000 species. 
The Insects are usually of small size, of various shades of brown 
or gn^jnsh colours, with, (drcular or ringed marks on the under 
sides of the wings. It is found all over the world, and is well 
re])^(^s^mt(‘(l in Ikirope; our Meadow-browns, Heaths, and Marbled- 
wliit(3s, as well as the great genus Frelria of the highlands and 
mountains belonging to it. Most of these Insects have but 
f(‘eble powfirs of iliglit, and rise Imt little from the surface of the 
ground. The caterjhllars live on various grasses. They are 
usually gieeii or lu’own, destitute of armature, and a good deal 
lik(3 tlie (.'aturpillars of Noctuid niotlis, hut the hind end of the 
])ody is tliiniun,* and divided to form two corners, while the head 
is more or k‘ss free, or outstanding. The pupae are of great 
iiite-n 3 st, inasmuch as in a few cases they do not suspend them- 
selves in any way, but lie on the ground; sometimes in a very 
fce])l(.^ ( 3 ocoon or cell. There are no cremasteral hooks. The 
])Upa.e of tlici Grayling butterfly, IBpparehia semde, has been 
found in loose soil a quarter of an inch below the surface. The 
chrysaJis of the Scotch Argus, Frelna aethiops, was found by 
Mr. Ihiclvler to l)e neither suspended nor attached, but placed 
in a. perpendicular position, head upwards, amongst the grass. 

^ Trans. Linn. JSoc. xxiii, 1862, p. 495. 
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In the majority of cases the pupa is, liowever, 
as is usual in ITymplialidae. Nothing is known as to the 
nature of the peculiar inflation of the bases of the luu'vun^s of 
the front wings; it is well shown in our eonunou spe('i(i.s of 
Goenooiympha] this character is not, however, coiistjuil (Jii'ough- 
out the family. There is in South America a vi'vy nvmark'ahle 
group of Satyrides consisting of the genera (.hflKU'riK.^ a.nd 
Haetcra, in which the wings are very delicabe and trans])a,re.iii,, 
bearing on the greater part of their area remote fine ha irs insh^'id 
of scales; there are nevertheless some scaled ])a.tclies about the 
margins, and one or more of the ringed marks eharac'tfuasth* of 
the Satyrides; while in some species the distal ])ortions of ilui 
hind wings are tinted with carmine. The spcicies of the, genus 
Pierella connect these transparent Satyrids with tiu*. moixi 
ordinary forms. According to Wallace the ha])its of tlu^sf^ 
fairy-like forms are those characteristic of the family in gniHu-al. 
The genus Elymnias has been separated l)y some a,ut-horitues as 
a sub-family, or even as a family, Elyrnniidae, chiidly on tdie, 
•ground of a slight peculiarity in the termination of tin*- hraneh(*s 
of the veins at the outer angle of the front wings. Tin* Elijui ninH 
are said to be of a mimetic nature, having a grt?a.i«,‘-r or hiss 
resemblance to butterflies of various otlier divisions ; th(n'(i is 
also a considerable difference in appearance lKdw<*(m tlndr own 
sexes. The larva of B. undulmns known; it is of tin*, form 
usual in Satyrides, and lives on the palm Cirnjjdia. About 
50 species, ranging from India to Australia, witii two in Africta, 
are known of this interesting group. 

Sub-Fam. 4. Morphides. — TJbereAs no cell on /Jir /rind itriny^ 
the discocellulaf nermde being absent (.Fig. 161, II. 1^). (hrter pillars 
smooth or spiny, with the extremity of the body divided; frequently 
gregarious. These Insects have become notorious from tin*, mxtru- 
ordinary brilliancy of blue colour exhibited by the upper surfaci^ of 
the wings of the tj^pical genus Morpho, The species A Morph o are 
all Insects of large size, but with wings enormous in propf)rtion 
to the body ; this latter part is carried in a sort of (‘.i-adle I’ormed 
by the inner parts of the margins of the liind wings. Altliough 
an arrangement of this kind is seen in numerous other butter- 
flies, yet there is perhaps none in which it is cjirricnl to quite 
such a pitch of perfection as it is in Morpho, where, on the 
under surface no part of the body behind the posterior legs can 
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hi) sc3en. There are only aliout 100 species of Morphides, and 
5 0 of tliese are included in Mor^^ho, which is peculiar to tropical 
and su))-tropical America ; tlie other half of the family is divided 
ainoiig ten or twelve genera, found in the Iiido-Malay region ; 

there Ijeing none in Africa. The eastern Morphides, though 

fine Insects, are not to be compared, either in size or Ijrilliancy, 
with their American allies. The species of Minyho are ap- 
parently found only in the great forests of South America, 

where they are far from rare ; some have a Happing and undulat- 
ing liight, straiglit onwards along the alleys of the forest, and 
near tlie ground ; others are never seen except steadily gliding 
with outstretched wings from 20 to 100 feet above the ground, 
where they move across sunny spaces between the crowns of the 
taller trees ; the low - liyers settle frequently on tlie ground 
to suck the juices from fallen fruit, but the members of the 
other section never descend to the ground. As regards the 
caterpillars, W. Milller tells iis^ that the spines they are armed 
with break oft^ and enter the skin, if the creatures are carelessly 
handled. Four of the five species known to him are conspicu- 
ously coloured with black, red, yellow and white. Tlie individuals 
are gregarious. The larvae of If. achilles sit in companies, often 
of more than 100 individuals, on trunks of trees, and so form a 
conspicuous patch. The caterpillars of M. e^nst7^ophis hang to- 
getlier as red clumps on the twigs of their food-plants. Hence 
it appears that in tins genus we have an exception to the rule 
that night-feeding caterpillars rest in a hidden manner during 
the day. 

Sub-Fam. 5. Brassolides. — Lm^ge butterflies, with the cell of 
the hind lomg closed, and usually with a small adjommg y^'^edis- 
coidal cell. Larva not moy spmg ; thinner at the two ends, the tail 
bifid, the head perpeiidicular and margined with spines. This 
small sub-family includes less than 100 species arranged in about 
eight genera, all South American. They have tlie very unusual 
habit of resting during the day like moths, becoming active only 
late in the afternoon. They are truly noble Insects ; although 
not possessed of the brilliant colours of- Morpho, they are 
adorned, especially on the under surface, with intricate lines 
and shades most harmoniously combined, while the upper surface 
is frequently suffused with blue or purple. ' This sub-family 
^ Kosims, xix. 1886, p. 365. 
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attains its Iiighest perfection in tlio 
genus Ccdigo ; tliey a.re enorniuiis 
Insects, and some of tlieiii not mre. 
The larva of G. edmflochvs (Fig. I'ZO) 
during early life is green, and sits 
on the leaf of a Musa, ])iit after the 
third moult it ].)ecomes Ijrown a,nd 
hides itself among the dry lea.ves. It 
is common in the ga,rdens of liio de 
Janeiro, wliere its pupae a, re found on 
the walls, like those of our white 
butterflies here. 

Sub - Fam. 6. Acraeides. — Suh- 
mcdum nervure of fore wings not forhcd 
at the base; the medutn v S'par. 

Cells closed. Fcdpi in section eglindrie, 
sparingly set loith hairs. Larva, arm ed 
with braviched spivies. A somewlmt 
monotonous and uninteresting division ; 
the size is moderate or small, and tlie 
colours not artistic, hut consisting of 
ill-arranged spots; the under side of 
the hind wings very freipiently diver- 
sified by numerous line-like marks, 
radiately arranged, and giving a.t 
the base to a few spots. 'Jduu'e a-re 
about 200 species known, of which the 
majority are African; thorn a, re hut 
few Oriental or South American species. 
Some authorities consider there is 
only one Eastern genus, but others 
prefer to adopt seven or eight divisions. 
Alaena is now placed in Lycaenidae, 
though until recently it was con- 
sidered to belong here. Tlic females of 
some species possess an abdominal pouch 
somewhat similar to that oi Pcmiassms. 

The members of this sub-family 
are considered to be of the protected 
kind. 
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Sub“Fam. 7. Heliconiides. — Sulmed/km newura of front wing 
not forkcil; median with (i short S'jmr near the Inesc. (Jell (f leind 
loing closed hy « j)eTfeM nervitle. Palpi coniprcssejl, with srAtles at 
tlic sides, in front covered with hairs. Male with an elonffiUe 
urfovnPd, fe/mnh with a four -jointed, front ta/rsvs. Gatcrjyllkvrs set 
'with branched spines. This family is peculiar to tropical America 
and consists of only two genera, Heliconius and Eueidcs, with 
about 150 species ; but it is one of the most characteristic of the 
Soutli American groups of Butterflies. It is very closely allied to 
the Kymplialides, especially to the Metcimorplui and Colacnis, 

].)ut is readily distinguished by the perfectly-formed nervules that 
close tlie wing- cells. The wings are longer and narrower than 
in Nymplialides, a'nd the colour, though exhibiting much diver- 
sity, is on the whole similar to that of the heavily-scaled forms 
of Ithomiides of the genera Tithorea, Melinaea, Melanitis ; there 
being in several cases a great resemblance between species of tlie 
two groups. A frequent feature in one group of Ileliconvus is 
that the liind wing l^ears a patch of red prolonged outwards l:)y 
angular radiating marks. Tlie individuals of certain species — II. 
melpomene and H. rhea — are known to execute concerted dances, 
rising and falling in the air like gnats; when some of them 
withdraw from the concert others fill their places. IL eraio 
exhiliits the very rare condition of trichroism, the liind wings 
being either red, blue, or green. Schatz states that the different 
forms have l)cen reared from a single brood of larvae. The cater- 
pillars of Heliconiides live on Passifiorae, and are said to be very 
similar to our European Aryynnis-OiitQY'pilhirf^. The clirysalids 
are very spinous. We may here remark that consideral)le con- 
fusion exists in entomological literature in consequence of Itho- 
niiides having been formerly included in this sub-family ; for 
remarks formerly made as to '' Heliconiides,’' but that really 
ixiferred only to Ithomiides, have been interpreted as referring 
to Heliconiides of the present system. 

The Heliconiides seem remarkably plastic as regards colour, 
and are therefore exponents of “ homoeochromatism.'’ Bates 
says, as regards them : “ In tropical Soutli America a numerous 
series of gaily-coloured butterflies and moths, of very differ- 
ent families, which occur in abundance in almost every locality 
a naturalist may visit, are found all to change their hues and 
markings together, as if by the touch of an enchanter’s wand, at 
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every few hundred miles, the distances being shorter near the 
eastern slopes of the Andes than nearer the Atlantic. So close 
is the accord of some half-dozen species (of widely different genera) 
in each change, that he had seen them in large collections classed 
and named respectively as one species.’’^ Many of tliem are 
believed to be permeated by nauseous fluids, or to possess glands 
producing ill-smelling secretions. 

Sub-Fam. 8. Nymphalides. — Cells, of hoth front and hind 
luing, either closed only hj iriferfect transrerse nervules or e7htirely 
open. Fro7it tarsus of the 7)iale unjointed and without sgriyies, 
of the female four- or flve~joi7ited. Oaterinllar either spined 
or smooth ; m the latter case the head more or less stro7i(jly 
horned or spined, a7id the apex of the lody hifld. This sub- 
family is specially characterised by the open cells of the 
wings ; the discocellulars, even when present, being frequently 
so imperfect as to escape all but the most careful oljserva- 
tion. The ITymphalides include upwards of 150 genera and 
2000 sjjecies. The divisions having smooth larvae are sejiarated 
by Kirby ^ and others as a distinct sub-family (Apaturides). In 
Britain, as in most other parts of the world, Nymplialides is tlie 
predominant group of butterflies. We have eighteen species, among 
which are included the Fritillaries, Admirals, Purple Emperor, and 
the various Vanessa — Peacock, Camberwell Beauty, Bed Admiral, 
Tortoise-shells, and Painted Lady. All have spined caterpillars 
except the Emperor. In the temj)erate regions of the northern 
hemisphere Vccnessa may be considered the dominant butter- 
flies, they being very numerous in individuals, though not in 
species, and being, many of them, in no wise discomfited by 
the neighbourhood of our own species. Several of tliem are 
capable of prolonging and interrupting their lives in the winged 
condition to suit our climate; and this in a manner that can 
scarcely be called hibernation, for they frequently take up the 
position of repose when the weather is still warm, and on the 
other hand recommence their activity in the spring at a very 
early period. This phenomenon may frequently be noticed in 
the Tortoise-shell butterfly ; it is as if the creature knew that 
however warm it may be in the autumn there will be no more 
growth of food for its young, and that in the spring vegetation 

^ P. ent. Boc. Looidon, 1879, p. xxix. 

- Allen’s Naturalists’ Library, Butter flies,, i. 1896. 
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is sure to be forthcoming and a])iindant before long, altlioiigli 
there may be little or none at the time the creature resumes 
its activity. It is prol 3 a].)le that the habit may be in some 
way connected with an imperfect activity of the sexual organs. 
It should, however, Ije recollected that many larvae of butterflies 
hibernate as young larvae after liatching, and, sometimes, with- 
out taking any food. PyrameAs cardui, the Painted Lady, is, 
taking all into consideration, entitled to be considered the most 
ubiquitous of the butterfly tribe. Its distribution is very wide, 
and is probably still extending. The creature is found in 
enormous numbers in some hjcalities, especially in N'ortherri and 
Eastern Africa ; and when its numbers increase greatly, migration 
takes place, and the Insect s^neads even to localities where it 
cannot maintain itself permanently. In Britain it is probably 
during some years nearly or cpiite absent, but may suddenly 
appear in large numbers as an inmiigrant. The favourite food 
of the larva is thistles, but many other plants serve the Insect 
at times. 

Vcmessa, or Pyrame'U^ aUdanta, the Red Admiral, is common 
in the Palaearctic and Nearctic regions, and extends its range to 
various outlying spots. The most remarkable of these is the 
remote Hawaiian Islands, where the Insect ax^pears really to be 
now at home, though it is associated with a larger and more 
X)0werful congener, P. tamecmiect. Another interesting Vanessid is 
AraBchnict lemna, which is x^eculiar to Europe, wliere it XA’oduces 
annually two generations so dissimilar to one another that they 
jjassed current as two sx:)ecies, V. Uvana and V. •prorsa. Although 
intermediate forms are rare in nature they can ‘ be induced by 
certain treatments ax:)plied to the larvae under human control. 

The dead-leaf butterflies of the genus KalUma belong to 
Nymphalides. They are so shaped and coloured that when 
settled, with wings closed, on a twig, the appearance is exactly 
that of a dry leaf; the exx)08ed surface is mottled with spots 
that look just like the patches of minute fungi, etc. that are so 
common on decaying vegetation. The colour and the spots on 
the under surface of this butterfly are very variable. According 
to Mr. Skertchly,^ we may x^resume that in the minute details of 

^ A most unfortunate diversity exists in the generic names aX)plied to these 
Vanessa, as well as in those of many other Lepidoptera. 

2 Ann. Nat. Eist. (6), iv. 1889, p. 212. 
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these resemblances we have a case of hypertel}^ similar to tha,t 
of the resemblance to Insects’ minings exhibited ])yc(irta,iu marks 
on the tegmina of Pterochroza (mentioned in Vol. V. ]). 422). 

In South America there is a somewhat }) 0 ciilia,r gtvnus ol 
Hymphalides — Ageronia — that delights in settling on tlie trunks 
of trees rather than on flowers or leaves. It was long since noti(M;d 
that the species of Ageronia make a clicking noise; in some cases 
when on the wing, in other cases by moving tlie wings w'heu tlui 
Insect is settled. The object of the noise is rpiite iincerta.in ; it 
has been suggested that it is done in rivalry or courtship, or to 
frighten away enemies. Bigg-Wether found, however, that in 
South Brazil tliere is a lazy little bird to which this sound sfu*v(*,s 
as a signal, inducing it to descend from its percli and eat tlie cli('kcr. 
The mode in which the noise is produced is not (piite cJca-r. Sir 
George Hampsoii has pointed out ^ that the fore wing lunirs at 
the extreme base a small appendage bearing two hooks, and that 
two other processes on the thorax play on these when the wing 
moves. His suggestion that these hooks are the source of tiui 
sound seems highly probable. 

Thei'e is a great variety in the larvae- of Hyrnplialidcs. In 
the Vanessa group the body is armed witli spines, each one of 
which bears shorter thorns, the head being unadonuul. The 
Fritillaries {Argy^inis, Melitaea) also have caterpillars of this kind. 
In many other forms the head itself is armed with horns or spines 
of diverse, and frequently remarkable, character, i n Agmhira a.nd 
its allies the body is without armature, but the liead is perptui- 
dicular, the vertex bifid and more or less prolongiul Tlu*, 
caterpillar of oiir Purple Emperor, A'patnra iris, is (piite unlike 
any other British caterpillar; in colour it is like a Spliingid 
larva — green with oblique lateral stripes of yellow and red— but 
in form it is slugdike, pointed behind, and it ha,s on the head 
two rather long tentacle-like horns. In the South Aimu'ic'.an genus 
Pregmia, the larva of which in general form resembles that of 
Apatorg there are no anal claspers,but the extremity of the laxly 
is prolonged, forming a sort of tail. 

Fam. 2. Erycinidae (Lemoniidae of some authors).— 
female has six jperfectly formed legs, though the front %)air is smaller. 
The male has the coxae of the front legs forming a sgiine, aaid the 
tarsi unjointed, without claws. This family consists of about 1000 
^ P. Zool. Soc. London, 1892, p. 191. 
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species, tisually of rather small size, exhibiting a great variety of 
shape and cobra, tion, some of them being remarkably similar to 
some of the ga,y, diurnal moths of South America. The palpi are 
usually srria,ll, ].)ut in On.rocnmnis they are large and porrect. The 
hiiriily is specially characteristic of tropical America, but there is 
one small group of 30 or 40 species, Nemeobiides, in the Eastern 
Hemisphere. We have one species in Britain, Nmiieohius, hwina, 
the Duke of Burgundy Fritillaiy. Neither the larvae nor the 
pupae of Erycinidae present any well-marked characteristic 
feature, but exhibit considerable variety. According to Bar,^ 
some of tlie la,rva,e are like those of moths; the caterpillar of 
Mdnhoe/m is said to be like that of a lA'pa/riz : the chrysalis has 
the short, rounded form of that of the Lycae 7 iidae, and is sus- 
pended with the head down, and without a band round the 
body. Tlie larvae of Eurygona are gregarious. The pupae of some 
other forms adhere, heads downwards, to branches. Scudder 
considers tliat tins faanily is not distinct from Lycaenidae, and 
tlnit the Central American genus E'mnaeais connects the two. 
Bciiter also treats Erycinidae as a division of Lycaenidae. 

Snb-Fam. 1. Erycinides. — [Chaoxwte^^softhefmnily^ 

7iot nmMmalhj large. We X)lace all the Erycinidae in this sub- 
family except the following — 

Sub-Fam. 2. Libytheides. — of amrctge size, with 
the pal'j)i Icmage and porrect : the front legs of the 7 nale small, the 
tarsus reduced to 07ie joint : the front leg of the female of the 
rurnnal structure, and hut little reduced iii size. This division 
consists of the single genus Lihythea, with only a score of species. 
They are Insects somewhat like Vanessa in appearance", but can- 
not fail to 1)6 recogniBed on account of the peculiar palpi. The 
genus is of very wide distribution, occurring in most parts of the 
warm and temperate continental regions, and it also occurs in 
Mauritius and the Antilles. 

The Libytheides have given rise to much difference of opinion 
a,niongst systematists, some of whom assign them as a sub- 
family to the Erycinidae, some to the Nymphalidae ; while others 
treat them as a family apart. The families Nyniphalidae, Ery- 
cinidae and Lycaenidae are so intimately allied, that Scudder is 
probably correct in considering them to form really one huge 
family ; if this .viow were adopted there would be no difficulty 
^ Bull. Boc. ent. France, 1856, pp. c, ci. 
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in locating Lilytliea therein. If they be kept apart, it is almost 
necessary to separate Lihytliea also; though possibly its claims 
to he placed in Erycinidae slightly preponderate. The recently 
described genus Ourocnemis to some extent connects Erycinides 
with Libythaeides.^ 

Fam. 3. Lycaenidae. — The front legs hut little snudler than 
the others : in the male, hoioever, the tarsus, though elongate, is only 
of one joint, and is terminated hy a, single claw. No pad on the 
front tibia. Clmos not toothed. The Lycaenidae, or Bines, are, a.s 
a rule, of small size, but in the tropics tliere are .many that reach 
the average size of butterflies, i.e. something alioiit the staluro of 
the Tortoise-shell butterfly. The flimily is one of the larger of 
the divisions of butterflies, considerably more than 2000 species 
being at present known, and this number is still rapidly increa.s- 
ing. Although blue on a part of the upper suiface is a, very 
common feature in the group, it is by no meajis universal, for 
there are many '' Co]3pers,” as well as yellow and wliite Lyciui- 
nidae. Many species have delicate, flimsy appendages — tails— 
to the hind wings, but in many others these aixi ({uit(3 a,])S(mt ; 
and there are even tailed and tailless forms of th(:3 sanui sxxicic^s. 
The members of the group Lipteninae {Liptena, Vanessula, 
Mimacraea,etQu) resemble members of other sub-families of Nyin- 
phalidae, and even of Pieridae. Lycaenidae are well rciproscmtcid 
wherever there are butterflies; in Britain we have 18 species. 

The larvae of this family are very peculiar, l)eing short, thic.k( 3 r 
in the middle, and destitute of the armature of spin(:3S so rcvinark- 
able in many other caterpillars. It has of late years l)een lr(i- 
quently recorded that some of these larvae are attended ])y ants, 
which use their antennae to stroke the caterpillars and indue , (3 
them to yield a fluid of which the ants are fond. Giiemki had 
previously called attention to the existence of p(iciiliar struct iinis 
contained in small cavities on the posterior part of the cater- 
pillar of Lycaena baetica. These structures can be evaginated, 
and, it is believed, secrete a fluid ; Edwards and McCook are of 
opinion that they are the source of the matter coveted by tii (3 
ants. The larvae are without spines. 

The caterpillars of the Blues have some of them strange tast( 3 s ; 
more than one has been recorded as habitually feeding on Aphidae 

1 Baker, Tr. ent. Soc. Lotidon, 1887, p. 175, PI. ix. 

2 Ann. Soc. ent. France (4), vii. 1857, p. 665, PL xiii 
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and scale- Iiise('.t/S. The pupae a-re, like the larvae, of sliort 
inflated form. Wy a rema,rkal)le coincidence, tlie pupae of two 
species l^ear a considerable resemblance to the lieads of monkeys, 
or mummies. The Lycaeiiid pupa is usually extremely consoli- 
dated, destitute of movement, and is supported — in addition to 
the attachment by the cremaster — by a silk thread girdling the 
middle. There are exceptions to these rules, and according to 
Mr. Eobson the pupa of Tajuria cliaeus liangs free, suspended 
from a leaf, and can move the body at the spot where the 
abdominal segments meet tlie wing-cases in the dorsal liiie.^ 

Fam. 4. Pieridae. — The six legs well develoy)ed, and similar 
in the sexes ; there is no ymd on the front tibicc. The cla/ivs of all 
the feet are Inful, or toot] bed, and there is an emjpodinm. There 
are upwards of 1000 species of Pieridae already known. Al- 
thongli several taxonomists treat tlie Pieridae and l^apilionidae 
as only subdivisions of one family, yet they appear to be quite 
distinct, and the relationships of the former to be rather witli 
Lycaenidae. In Pieridae, white, yellow, and red are the pre- 
dominant colours, though there is much black also. It has 
recently been ascertained that the yellow and red pigments, as 
well as the white, are uric acid or derivatives therefromf*^ The 
pliysiology of this peculiarity has not ypt been elucidated, so 
tliat we do not know whether it may be connected with some 
state of the Malpighian vessels during metamorphosis. 

Our G-arden-White, Brimstone, Clouded-yellows and Orange-tip 
butterflies belong to tliis family ; as does also the South American 
genus formerly called Lejptalis. This generic name, which is 
much mentioned in literature owing to the resemblance of the 
species of the genus to Seliconiides, lias now disappeared ; Leftalis 
having been divided into various genera, while the name itself 
is now considered merely a synonym of Disrnorphia. 

The African Insect, Pseudo])ontiii y)aradoxay has nearly trans- 
parent wings, no club to the antennae, a remarkably small cell on 
the wing, and an arrangement of the nervules not found in any 
other butterfly ; there being only ten nervules at the periphery of 
the front wing, and both upper and lower radial nervules uniting 
with the posterior branch of the subcostal. It has been treated 
as a moth by several entomologists. Aurivillius considers that it 

^ J. J^omhay Soc. ix. 1895, pp. 338”341. 

Hopkins, Phil. Trans. 186 B, 1895, p. 661. 


358 


lp:pidoptera 


cirAi*. 


or 


is certainly a butterfly; but as the metaniorphost^s are. iiukiiown, 
we cannot yet form a final opinion as to this carious li)riii. The 
extraordinary Peruvian Insect, Htyoi infernalU, is also placed in 
this family by Staudinger ; it is a small, pale Insect, almost white, 
and with imperfect scales ; a little recalling a Satyrid. It appea,rs 
to be synthetic to Pieridae and Erycinidae. 

The caterpillars of Pieridae are perhaps the least remarkalile 
rttractive of all butterfly -caterpillars ; their skins are a.s a 
rule bare, or covered only with fine, sliort 
down or hair; tlieir prevalent colour is 
green, more or less speckled with Idack 
and yellow, and they are destitute of any 
prominent peculiarities of external struc- 
ture. Pupation is accomplished l)y the 
larva fixing itself to some solid body by the 
posterior extremity, with tlie head upwards 
(or the position may be liorizontal), and then 
placing a girdle round the middle of tlie 
body. The pupa never hangs down ireidy 
as it does in Nymphalidae. It ha,s l)een 
ascertained by experiment that if the 
girdle round the larva be cut, the i)upa- 
tion can nevertheless be accomplished l)y 
a considerable proportion of larvae. Some 
of the pupae are of very x^eculiar form, as is the case in the 
Orange-tip (Eig. 180, A) and Brimstone butterflies. Tlie Orange- 
tip butterfly passes nine or 
ten months of each year as 
a pupa, which is variable 
in colour ; perhaps to some 
extent in conformity with 
its surroundings. TheETorth 
American JE. genutia has a 
similar life-history, but the 
larva leaves its Cruciferous 

food-X)lant, wanders to an Fig. ISl. — Newly-hatched larva of MucMoe car- 

oak tree, and there turns to dmimes, a, The larva iu profile; B, one 
. , segment more magnified, showing the liqnid- 

a pupa, resembling in colour bearing setae ; C, one of the setae still more 
the bark of the tree. magnified, and without liquid. 

It is not mitisiuil for catcrpillur.H to change their haliits and 



180. — Pupation of the 
Orange - tip butterfly, 
Euchloe cardcmmies. A, 
The completed pupa ; B, 
the larva, with its girdle, 
prepared for the cliange. 
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appeaFMiice in a. tLifiiiite manner in the course of the larval life. 
Ihe ca,terpillar of EucJdoe em’damines exhibits a larval ineta- 
niorphosis ot a well-marked, character. The young’ larva (Fig. 
181) is armed with pecidiar setae, furcate at the tip, each of 
wliich bears a tiny 
ball of fluid. In this 
stage the caterpillar 
makes scarcely any 
movement. In the 
middle of the cater- 
pillar's life a new 
vestiture appears 
after an ecdysis ; 
numerous fine hairs 

are present, and the* Fig. 182. — Larva of Euchloe cctTclamines in mi<lclle life, 
fluid -bearing spines profile ; B, one segment more magnified. 

nearly disappear, being reduced to a single series of spines of a 
comparatively small size on each side of the nppor middle region 
of the body (Fig. 182). The colour is also a good deal 
cliaiiged, and concomitantly there is a much greater voracity 
and restlessness. 

Fam. 5. Papilionidae. — All the legs well developed. Claws 
large, si7riple, loithout empodium. Front tibiae with a pad. The 
meta^iotum free, conspicuously exposed between meso7iotum and 
abdo7nen, , This series of butterflies includes some of the most 
magnificent of the members of the Insect world. It is considered 
liy some authorities to be the highest family of butterflies ; and 
in one very important feature — sexual differentiation — it cer- 
tainly is entitled to the rank. There are about 700 recorded 
species, the larger portion of which are included in the genus 
Papilio. Tlie great variety of form has led to this genus being 
divided. ; the attempts have, however, been partial, with the 
exception of an arrangement made hy Felder, who adopted 75 
sections, and a recent consideration of the subject by Haase, who 
arranges Felder's sections into three sub-genera. Many of the 
sections have received names, and are treated by some authors as 
genera, so that an unfortunate diversity exists as to the names 
used for these much-admired Insects. The genus is distributed 
all over the world, hut is perhaps nowhere more numerous in 
species than in South America. Wallace informs us that the great 




LKPIDOPTERA 


majority of tlie species of the Amazon va-lley fr(M|U(mt tlu^ shady 
groves of . the virgin forest. In many cases the se.x(^s a,r(‘. (‘x~ 
tremely different in appearance and habits, a,nd a-re hut rartdy 
found together in one spot. Tlie genus OrnifJiopfsrti. is closel}' 














allied to Fajpilio, and contains some of the most remarkaljle of 
butterflies, the homes of the species being the islands of the Malay 
Archipelago, and outlying groups of islands, there being a smalhu* 
number of species in the neighbouring continents. The fernalt^s 
are of great size, and are so excessively diffenuit from their 
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consorts of the other sex, as to arouse in the stiideiit a feeling of 
surprise, and a strong desire to fathom tlie mysteries involved. It 
would be difficult to surpass the effective coloration of tlie nia,les 
in many of the species of Ornithojitera ; they are, too, very diverse 
in this respect ; ft ’broohianci is of an intense Idack colour, with 
a band of angular green marks extending the whole length of 
its wings, while behind the head there is a broad collar of crimson 
colour. Perhaps the most remarkalile of all is the 0. 
recently discovered in New Guinea ; in this species tlui sc‘xiial 
disparity reaches its maximimi. The female (Fig. 184) is a 
large, sombre creature of black, white and grey colours, but th(3 
male (Fig. 183) is brilliant with gold and green, and is iua,de 
additionally remarkable by a long tail of unusual form on each 
hind wing. 

We may anticipate that these extraordinary cases of sexual 
total dissimilarity in appearance are accompanied l)y ec|iially 
remarkable habits and physiological phenomena. In the caS(3 of 
0. Ifoohiana the female is extremely rare, so that the colh^ctor, 
Klinstler, could only obtain fifteen females to a thousa-nd males. 
According to Mr. Skertchly, instead of the crowd of males Ixhng 
eager to compete for the females, tlie reverse is the cn,se ; tlu*- 
feinale diligently woos the male, wlio exhibits a reluctance to 
coupling. This observer apparently considered that tlie (muu’ald 
feathers '' of the male are a guide or incitement to the female.^ 

In Africa Ornithoptera is to a certain extent repr(,‘,sent(Ml 
by two extremely remarkable forms, Fa'jnlw zidnioxiH and P, 
(Drurya) antimachus. There are about a dozen other genera ol* 
Papilionidae ; most of them contain hut few species, PtmuiHslns, 
however, is rich in species inhabiting the mountains and elevatiMl 
plateaus of the northern hemisphere in both the Old and Ncav 
Worlds; it is remarkable for the small amount of scales on tin.*, 
wings, and for the numerous variations of th(3 specic^s. The fcmiah*. 
possesses a peculiar pouch at the end of the liody ; although only 
formed during the process of coupling, it has a sjiecial and 
characteristic form in most of the species. The curious Indian 
genus Zej)tociTcus has parts of the front wings transparent, wliile 
the hind pair form long tails. This genus is of interest in that 

^ A7m. Kat. Hist. (6), iv. 1889, p. 218. Wc trust there will not be rnaiiy more. 
Kiinstlers, as this beautiful butterfly must etfrtainly hecoiiie extiiuU;, if the fenuile 
be really as rare as is supposed. 
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it is said to connect ra])ilioni(Lie. to some extent with .1 1(‘S[>erii(hu‘,. 
The laryae of tliis family are remarkable on account of a, curious 
process on the thoracic segment called an osmeterium/’ It is 
usually retracted, but at the will of the caterpillar can be everted 
in the form of a hjiig furcate or Y-shaped process ; there is a 
gland in tlie osmeterimn, and as a result a strong odour is 
emitted when tiie exstulpation occurs. 

The pupation of Ihipilionidae is similar to that of Iheridae, 
the pu]ja being placed with the head upwards, fixed by the tail, 
and girt round tlu‘, middle. A very curious diversity of pupabion 
occurs in tlie genus Thais, in which the l^upa is attached l)y the 
tail as usual, and — which is quite exceptional — also by a thread 
placed at tlie topi of the head. Scudder thinks there is also a 
girdle round tlie middle, but Dr. Chapiman inclines to the view 
that the thread attaching the head is really the median girdle 
slipped upi wards. The pupation of Farnassvm is exceptional, 
inasmucli as, like Satyricles, it is terrestrial, in a slight construc- 
tion of silk. 

Fam. 6. Hesperiidae metanot'mn 

not free, largely oovered hy ths mesonotmu. A on tJu front tilna: 
Glams short and thick ; enwjpodvmn 'present. Although tliis family 
lias been conqiaratively neglected by entomologists, upw'ards of 
2000 species and more than 200 genera are known, and it is not 
improbable that it may prove to be as extensive as Nymph alidae. 
We liave already said that Hesperiidae is generally admitted to 
be the most distinct of the butterfly groupia It lias been thought 
by some taxonomists to be allied to Papilionidae, but this is a 
mistake. It is undoubtedly more nearly allied to Heterocera, 
and when the classification of Lepiidoptera is more advanced, so 
that tlie various natural groups placed in that sub-Order are' 
satisfactorily distinguished, it is probable that Hesperiidae will 
be altogether separated from Ehopalocera. We have already 
mentioned that E, Eeuter considers the Hesperiidae to be pliylo- 
genetically unconnected with Ehopalocera proper ; but though 
quite ready to admit that he will probably prove correct in this, 
we think Lepidopterists will not be willing to recognise the 
family as a sub-Order eipiivaleiit in value to all Heterocera. 

The body is shorter and thicker than it is in most butterflies, 
and is pointed at the tip rather than knobbed or bent down- 
wards ; the wings are less ample ; the antennae are not truly 
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knobbed, ])ut Jire tliicker liofore the actual tip, which is itself 
pointed and more or less bent backwards, so tliat the antennae 
are some what hook-shaped. 

In habits as well as structure the family is markedly distinct 
from butterflies ; tlie pupation is peculiar, and the name Skipper 
has been applied to the perfect Insects, because so many of them 
indulge in a Ijrief, jerky flight, instead of the prolonged aerial 
courses characteristic of the higher butterflies. 

There is great difference among the members of the family, 
and some of them possess a very high development of the powers 
of locomotion, with a correspondingly perfect structure of tlie 
thoracic region, so that, after inspection of these parts, we can 
quite believe "Wallace’s statement that tlie larger and strong- 
bodied kinds are remarkable for the excessive rapidity of tlieir 
flight, which, indeed, he was inclined to consider surpassed that 
of any other Insects. “ The eye cannot follow them as they dart 
past ; and the air, forcibly divided, gives out a deep sound louder 
than that produced by the himiming-bird itself. If power of 
wing and rapidity of fliglit could place them in tliat rank, tluy 
should be considered the most liighly organised of butterflies.” 
It was prol:)ably to the genera Pyrrhcypyge, Ery cities, etc., that 
Mr. Wallace alluded in the above remarks. Although the Hes- 
periidae are not as a rule beautifully coloured, yet many of these 
higher forms are most tastefully ornamented ; parts of the wings, 
wing-fringes, and even the bodies being set with bright Imt agree- 
able colours. We mention these facts because it is a fashion to 
attribute a lowly organisation to the family, and to place it as 
ancestral to other butterflies. Soirie of them have crepuscular 
habits, but this is also the case with a variety of other Ehopalo- 
cera in the tropics. 

In their early stages the Skippers — so for as at present known 
— depart considerably from the majority of butterflies, inasmuch 
as they possess in both the larval and pupal instars liabits of con- 
cealment and retirement. The caterpillars have the body nearly 
bare, thicker in the middle, the head free, and more or less 
notched above. They make much greater use of silk than other 
butterfly-larvae do, and draw together leaves to form caves for 
concealment, and even make webs and galleries. Thus the habits 
are almost those of the Tortricid moths. Pupation takes place 
ninder similar conditions ; and it is interesting to find that Chap- 
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liiaii considers that the pupa in several points of structure re- 
sembles tliat of the small moths. Not only does the larva draw 
together leaves or stalks to make a shelter for the pupa, but it 
fre(j[iiently also forms a rudimentary cocoon. These arrangements 
are, liowever, very variable, and the accounts tliat have been 
given indicate tliat even the same species may exhibit some 
a, mount of variation in its pupation. Scudder considers that, in 
the Nortli American Skippers, the cremasterds attached to a single 
F-like tliread. In other cases there is a silk pad on the leaf for 
the cremaster to liook on. An interesting account given by Mr. 
Dudgeon of the jnipation of a common Indian Skipper, Baclamia 
cxdamatioQviSj shows that this Insect exercises considerable iri- 

Fia. 185. — Pupation of 
Badamia cxclamationis. 
(After Dudgeon. J. 
Bombay Soc. x. 1895, 
p. 144). A, One side 
of the leaf-cradle, the 
other (nearest to the 
o])server) being broken 
away ; B, transverse sec- 
tion of entire cradle, a, 
The pupa ; h, fastenings 
of perpendicular threads 
round pupa ; c, cross 
thread retaining the leaf 
in cradle form ; mar- 
gins of the leaf ; e, mid- 
rib of leaf. 

genuity in tlie structure of the puparium, and also that the 
arrangements it adopts facilitate one of the acts of pupation most 
difficult for such pupae as suspend themselves, viz. the hooking the 
cremasters on to the pad above them. Badamia uses a rolled-up 
leaf (Fig. 185) ; the edges of the leaf are fastened together by 
silk at d ; from this spot there descends a thread which, when 
it readies the pupa, a, forks so as to form an inverted Y, and is 
f astened to the leaf on either side ; the two sides of the leaf are kept 
together by a cross thread, cc, Mr. Dudgeon was fortunate enough 
to observe the act of pupation, and saw that although the anal 
prolegs of the larva were attached to a tuft or pad of silk in the 
usual way, and remained so until nearly the whole skin had been 
shuffled off, yet when the last segment had to be taken out, the 
pupa drew it entirely away from the. skin and. lifted it over the 
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empty skin, and by a series of contortions, similar to tlios(‘ imuk*. 
by an Insect in depositing an egg, it soon re-attaclu‘d its 
segment or cremaster to the web, throwing away the cast-oil skin 
by wriggling its body about.” 


Series II Heterocera. Moths. 

Although Ehopalocera — if exclusion be made of the II(‘.s- 
periidae — is probably a natural group, yet this is not tin*, case 
with Heterocera. The only delinition that can ]>e given ol 
Heterocera is the practical one that all Lepidoptera tliat arc not 
butterflies are Heterocera. Numerous divisions of the IIeter(>ctu*a. 
have been long current, but their limits have become more and 
more uncertain, so that at the present time no divisions of grciatcM* 
value than the family command a recognition at all gcmeral. This 
is not really a matter of reproach, for it arises from the dc^sirc to 
recognise only groups that are capable of satisfactory definition. 

Several attempts have recently been made to form a rough 
forecast of the future classification of moths. Ihofessor (lomstoc'k, 
struck by some peculiarities presented by the Hepialidac, Mici'op- 
terygidae (and Eriocephalidae), recently proposed to separatfi them 
from all other Lepidoptera as a suh-order Jugatae. Comstock’s 
discrimination in making this separation met witli gcmcu'al ap- 
proval. The character on which the group Jugatae is lja.H(*d is, 
however, comparatively trivial, and its possession is not siilii- 
cient, as pointed out by Packard,^ to justify tlie close association 
of Hepialidae and Micropterygidae, which, in certain important 
respects, are the most dissimilar of moths. The characters 
possessed by the two families in common may l)e summariHed by 
saying that the wings and wing-bearing segments remain in a 
low stage of development. In nearly all other characte.rs tln^ 
two families are widely different. Packard has thereknx;, while 
accepting Comstock’s separation of the families in que.stion, 
proposed a different combination. He considers that Eriocepha- 
lidae should be separated from all others as Protolepidoi^tera ” 
or “ Lepidoptera Laciniata,” while the whole of the other 
doptera, comprised under the term ‘^Lepidoptera Haustellata,” 
are divided into Palaeolepidoptera (consisting only of Microp- 
terygidae) and Heolepidoptera, comprising all Lepidoptera (in- 
^ Mem. Ac. Washington, vii. 1895, p. 67. 
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('liisive of Hepialidae) except the Eriocephalidae and Micropteiy- 
gi(hie. Tlie (piestion is rendered more difficult by the very close 
ndations that exist between Micropterygidae and a sub-Order, 
Trichoptera, of Neuroptera. Dr. Chapman, by a sketch of the 
chissitication of pupae, ^ and Dyar, by one on larval stages, ^ have 
ma.dci contriljutions to the subject; but the knowledge of early 
stagers and inetaniorphosis is so very imperfect that the last two 
nuanoirs can be considered only as preliminary sketches ; as indeed 
st^eni to have been the wishes of the authors themselves. 

Sinuiltaneously with the works above alluded to, Mr. Mey- 
rick lias given ^ a new classification of the Order. We allude, 
in other pages, to various points in Mr. Meyrick's classifica- 
tion, wliicli is made to appear more revolutionary than it really 
is, in consequence of the radical changes in nomenclature com- 
l)ined with it. 

As regards the various aggregates of families that are widely 
known in literature by the names Bombyces, Sphinges, IToctuae, 
(hioinetres, Pyrales, we need only remark that they are still 
regarded as to some extent natural. Their various limits being 
the Kiiliject of discussion and at present undecided, the groups 
iivi) made to fippear more uncertain than is really the case. The 
group tliat has to suffer tlie greatest changes is the old Bom- 
byces. This series comprises the great majority of those moths 
tliat have diurnal habits. In it there were also included several 
groups of moths the larvae of which feed in trunks of trees or 
in the stems of plants, such as Cossidae, that will doubtless prove 
tf ) have but little connection with the forms with which they were 
formerly associated. These groups with aberrant habits are those 
that give rise to the greatest difficulties of the taxonomist. 

The following key to tlie families of Heterocera is taken from 
Sir ( }. F. Hamp>son’s recent work. Fauna of British India — MothsJ^ 
It iiududes nearly all the families at present recognised among 
the larger Lepidoptera ; certain families ^ not mentioned in this 
key are alluded to in our subsequent remarks on the families : — 

^ Tr. mt. Soc. Lo^ndon, 1893, p. 97, with Suppl. 0 ^. cit. 1896, pp. 129 and 567. 

Armr. Natural, xxix. 1895, p. 1066. See also Ami. N. York Ac. viii. 1895, 
p. 194, and R&cord, 1897, pp. 136 and 196. 

llandhook of British Lejoidoptera, 1 895. 

^ London, 1892. Published under the authority of the Secretary of State for 
India in Council. 

® Those numbered 2, 8, 10, 17, 22, 27, 44, and 46 in our arrangement. 
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Key to the Families of Moths ^ 

— j'jiis table is not simply dichotomic ; three contrasted categories are used 
in the case of the primary divisions^ A, B, 0, and the secondary d/i/irisions^ 

I. II, III. 

A. Fore wing with nervule 5 coining from the middle of the discocelliilars, 
or nearer 6 than 4 (Categories I, II, III = 1-18). 

I. Frenulum rudimentary . . Fain. 38. Epicop^iidae, see p. 418 

II. Frenulum absent (Categories 1-8). 

1. Proboscis present, legs with sjnirs (Cat. 2-5). 

2. Hind wing with nervule 8 remote from 7 (Cat. 3 and 4). 

3. Fore wing with nervule 6 and 7 stalked 

Fam. 39. Uraniidae, see p. 419. 

4. Fore wing with nervules 6 and 7 not stalked 

Fam. 5. Ceratocampidae, see p. 375. 

5. Hind wing with nervule 8 nearly touching 7 beyond end of cell 

Fam. 4. Brahmaeidae, see p. 374. 

6. Proboscis absent, legs without spurs (Cat. 7 and 8). 

7. Hind wing with one internal nervure 

Fam. 3. Saturniidae, see p. 372. 

8. Hind wing with two or three internal nervures 

Fdm. 6. Bombycidae, see p. 375. 

III. Frenulum present (Cat. 9-18). 

9. Antennae fusiform [spindle-shaped] Fam. 9. Sphingidae, siHij). 380. 

10. Antennae not fusiform (Cat. 11-18). 

11. Proboscis absent . . Fam. 7. Eupterotidae, sen p. 376. 

12. Proboscis present (Cat. 13-18). 

. 13. Hind wing with nervule 8 curved and almost touch- 

ing 7 after end of cell ; nervure la reaching anal angle 
Fam. 12. Cymatophoridae, see p. 386. 

14. Hind wing with nervule 8 remote from 7 after end of 
cell (Cat. 15-18). 

15. Tarsi as short as tibia, hairy ; stoutly ])uilt moths 

Fam. 11. Notodontidae,^ see p. 383. 

16. Tarsi long and naked ; slightly built moths (Gat. 

17 and 18) 

17. Fore wing with nervule 7 remote from 8, and 
generally stalked with 6 

Fain. 40. Epiplemidae, see p. 420. 

18. Fore wing with nervule 7 given olf from 8 ; hind 
wing with nervure la short or absent 

Fam. 36. Geometridae, see p. 411. 

^ For explanatory diagram of the wings, see Fig. 161, 1. When the nervuratioii 
is obscured by the wing-scales, it may be rendered temporarily visible by the appli- 
cation, with a camel’s-hair bru.sh, of a little benzine. The wings may be per- 
manently denuded of their scales by being placed for a short time in Eau de Javelle 
(hypochlorite of potash). 

" The genus Cyphanta (one species from India) has nervule 5 of the fore wing 
proceeding from the lower angle of the cell. 
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B. E()r(‘. wing with iivrvulti 5 coining from lower {ingle of cell or nearer 4 
tlnin 6 [.see figures 161 {ind 16*2, ])]>. 318, 319] (Oalegories 19-58). 

19. Iliiid wing with more tlnni 8 nervules (Cat. 20, 21). 

20. Proboscis absent, no mandibles nor ligula ; size not very small 

Fam. 23. Hepialidae, see p. 396. 

21. hlandibles, long palpi and ligula pre.sent; ^size very small 

Fam. 47- Micropterygidae, see p. 435. 

22. Hind wing with not more than 8 nervules (Oat. 23-58). 

23. Hind wing with nervule 8 remote from 7 after origin of 
nervules 6 and 7 (Gat. 24-51). 

24. Frenuluiii <absent (Chit. 25-29). 

25. Hind wing with one internal nervure ; nervule B with 
{I precostal spur, Fam. 3 1. Pterothysanidae, see p. 406. 

26. Hind Aving with two internal nerviires (Cat. 27 and 28). 

27. Hind wing Avith a bar betAveeii nervules 7 and 8 
near the base ; nervure la directed to middle of inner 
margin . Fam. 30. Endromidae, see p. 406. 

28. Hind wing Avith no bar between nervules 7 and 8 ; 
nervure la directed to anal angle 

Fam. 29. Lasiocampidae, see p. 405. 

29. Hind wing Avith three internal nerviires 

Fam. 21. Arbelidae, see p. 396. 

30. Frenulum present (Cat. 31-51). 

31. Hind wing Avith nervule 8 aborted, 

Fam. 15. Syntoinidae, see p. 388. 

32. Hind wing Avith nervule 8 present (Gat. 33-51). 

33. Antennae knobbed Fam. 1. Castniidae, see p. 371. 

34. Antennae hliform, or (rarely) dilated a little towards 

the tip (Cat. 35-51). 

35. Fore wing Avith nervure Ic present (Cat. 36-43). 

36. Hind Aving with nervule 8 free from the 
base or connected witli 7 by a bar (Cat. 
37-42). 

37- Proboscis present 

Fam. 16. Zygaenidae, see p. 390. 

38. Proboscis absent (Cat. 39-42). 

39. Palpi rarely absent; 5 winged; 
larvae wood-borers 

Fam. 20. Cossidae, see p. 395. 

40. Palpi absent ; J apterous (Oat. 4 1 , 

42). 

41. $ rarely with legs; 5 
larvae case-dwellers 

Fam. 19. Psychidae, see p. 392. 

42. 5 and larvae free ^ 

Fam. 1 8. Heterogynidae, see p. 39 2. 


^ This is a mistake of Sir George Hampson’s. It has long been known that the 
female of Ifeterogynis does not leave the cocoon (for references see p. 392) ; the 
larvae, however, do not live in cases, as those of Psychidae do. 

VOL. VI ^ B 
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43. Him! wing with nerviile 8 anasioinosiiig 
shortly with 7 

Fam. 26. Limacodidae, see. p. 401. 

44. E'ore wing with nerviire Ic absent (Cat. 45-51). 

45. Hind wing with nerviile 8 rising out of 7 

Fain. 34. Arctiidae, see p. 408. 

46. Hind wing with nerviile 8 connected with 7 

by a liar, or touching it near middle of 
cell (Oat. 47, 48). 

47. Palpi with the third joint nahed and 
reaching far above vertex of head ; 
proboscis present 

Fam. 33. Hypsidae, see p. 408. 

48. Palpi not reaching above vertex of 
liead ; proboscis absent or very minute 

Fam. 32. Lymantriidae, see p. 406. 

49. Hind wing with nerviile 8 anastomosing 
shortly with 7 near the base ; proboscis 
well developed (Cat. 50, 51). 

50. Antennae more or less thick towards tip 

Fam. 35. Agaristidae, see p. 410. 

51. Antennae filiform 

Fam. 37. KToctuidae, see p. 414. 

52. Hind wing with nerviile 8 curved and nearly or (piite 
touching nerviile 7, or anastomosing with it after origin of 
nerviiles 6 and 7 (Gat. 53-58). 

53. Hind wing with nerviire Ic absent (Cat. 54-57). 

54. Hind wing with nerviile 8 with a precostal spur 

Fam. 24. CaUidulidae, see p. 400. 

55. Pliiid wing with nervule 8 with no precostal spur 

(Gat. 56, 57). 

56. Hind wing with nerviire la alisent or very short 

Fam. 25. Drepanidae, see p. 400. 

57. Hind wing with nervure la almost or (piite 
reaching anal angle 

Fam. 28. Thyrididae, see p. 404. 

58. Hind wing with nervure Ic present 

Fam. 41. Pyralidae, see p. 420. 
0. Fore wing with 4 nerviiles arising from the cell at almost even dis- 
tances ajiart (Cat. 59-66). 

59. Wings not divided into plumes (Cat. 60-63). 

60. Hind wing with nervule 8 coincident with 7 

Fam. 13. Sesiidae, see p. 386. 

61. Hind wing with nervule 8 free (Cat. 62, 63). 

- 62. Fore wing with nervure lb simple or with a very 

minute fork at base 

Fain. 14. Tinaegeriidae, see p. 387. 
' 63. E’ore wing with nervure la forming a large fork 

with lb at base Fam. 45. Tiaeidae, see p. 428. 
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f)4. Wings into ]>1 uim(‘s (Oat. 65, 66). 

65. Foi*o \ring divided into at most two, hind wing into three 

l)luines . . . Fani. 42. Pterophoridae, see j). 426. 

66. Fore wing and hind wing eacli divided into three plumes 

Fain. 43. Alucitidae ( = Omeodidae), see p. 426. 



Fam. 1. Castniidae. — The Insects of this f amiily comhine to a 
large extent the characters of huttcr flies and moths. The antennae 
are hnohled. or hooked at the tij), there is a la/rge •p'ecostal area to 
the hind wing. The 7iervnles of the flnmt wing a, re eo-midex a^id 
a^iastomose so as to form one or more accessory cells (Fig. 1 6 2). This 
important, ljut not extensive, family consists chietly of forms found 
in tropical America and Australia. Tlie diversity of size, form and 
appearance is very great, and it is proha, ble that the members of the 
family will he separated; indeed, taxonomists are by no means 
in agreement as to the limits of the family. The Castniidae 
are diurnal Insects, and the North American genus Megathymus 

is by many con- 
sidered to belong 
to the Ehopalo- 
cera. Uuschemon 
rafliesme (Fig. 186) 
is extremely like a 
large Skipper with 
long antennae, but 
has a well-marked 
frenulum. The 
Australia. (After members of the 

Australian genus 
look like Skippers. 
Hesperiidae ; they 


Rig. 186.- 


-Kntidmmm ra.ffl.esme. 

Doiibleday. ) 


Synemon are much smaller, hut they also 
Their habits are very like those of the 
flit about in the hot sunshine, and when settling after their 
brief flights, the fore wings are spread out at right angles to 
the body, so as to display the more gaily coloured hind 
wings ; at night, or in cloudy weather, the Insect rests on 
blades of grass with the wings erect, meeting vertically over 
the back, like a butterfly. Hecatesia, another Australian genus, 
is now usually assigned to Agaristidae ; its members look like 
moths. The male of H. fenestrata is provided with a sound- 
producing organ similar to that of the Agaristid genus Aegocera. 

The Castnia of South America are many of them like 
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Nymplialid Initterllies, Init exliildt grca,! (livcrsity, and roHonibki 
butterflies of several different divisions of the fa,niily7 

The species are apparently great lovers of heat and can 
tolerate a very dry atmosphere.^ The transforniatioiis of very 
few have been observed; so far as is known the larvae feed in 
stems ; and somewhat resemble those of Goat-moths or Leopard- 
moths (Cossidae) ; the caterpillar of 0, tlicrafon lives in the stems 
of Brazilian orchids, and as a consequence has been Ijr ought to 
Europe, and the moth there disclosed. The pupae are in general 
structure of the incomplete character, and have transverse rows 
of spines, as is the case with other moths of different fcnnilies, 
but having larvae with similar habits.^ Castnia e/udesrnia forms 
a large cocoon of fragments of vegetable matter knitted together 
with silk. These Insects are rare in collections ; they do not ever 
appear in numbers, and are generally very difficult to capture. 

Fam. 2. Neocastniidae. — The Oriental genus Tascvna 
formerly placed in Castniidae has recently been separated l)y 
Sir G. Hampson and associated with Neocastnia nicemlhi^ from 
East India, to form this family. These Insects liave tlie appear- 
ance of Nymphalid butterflies. They differ from Castniidae ].>y 
the want of a proboscis. 

Fam. 3. Saturniidae. — This is a large and varied assemldage 
of moths ; the larvae construct cocoons ; the products of several 
species being used as silk. These moths have no frenulum and 
no proboscis. The hind wings have a very large shoulder, so 
that the anterior margin or costa stretches far forward beneath 
the front wing, as it does in butterflies. The antennae of tlie 
males are strongly bipectinated and frecpiently attain a magnifi- 
cent development. The family includes some of the hirgest 
and most remarkable forms of the Insect-world. OosdnocG'm 
hermles, inhabiting North Australia, is a huge moth which, 
with its expanded wings and the long tails thereof, covers a 
space of about 70 square inches. One of tlie striking features 
of the family is the occurrence in numerous forms of remarkable 
transparent spaces on the wings; these window -like areas 
usually occur in the middle of the wing and form a most remark- 
able contrast to the rest of the surface, which is very densely 

• ^ See Westwood, Tr. Linn. Soc. London (2), i. 1877, p. 165, etc. 

“ For lia1)its of some Brazilian Castnia see Seitz, JSnt. Zeit. Stettin^ li. 1890, p. 258. 

^ For pupa see Chapman, Ent. Jtec. vi. 1895, pp. 286, 288. 
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scaled. In these ad tain a large size. In other species, 

such as the South African Ludla ddcgoTijuei, there is a small 
letter-like, or symholiform, transparent mark towards the tip of 
(‘a, eh iroiit wing. We Inive at present no clue to the nature 
or iinportiincii of these reniarkalde markings. In the genus 
Airf,(i(/i.rrir% aaid in other forms, instead of transparent spaces 
there a, re large a,nd staring ocellate marks or eyes, which are 
c()iU!.eahHl wlien the Insect is reposing. In Arceinri, Ckypiopteryx, 
Evdaeni()ni(f.. a,nd others, tliii hind wings are prolonged into very 
long tails, perhaps exceeding in length those of any other moths. 


I 1 




Fi«. 187. — Larva of Aitmiufi atlciH. India. A, at etui of Ist iiistar, profile ; B, 4tli 
iii.star, dorsal view ; C, full-grown larva, in repose. (After Poiijade.) 

Tlie cocoons are exceedingly various, ranging from a slight 
open network to a dense elaborate structure arranged as in our 
Emperor moth ; in this latter case an opening is left hy the 
larva for its exit after it has become a moth, hut by an ingenious, 
chevaux-de-frise work, this opening is closed against external 
. enemies, though the structure offers no resistance at all to the 
escaiie of tlie moth. Fabre has recorded some observations and 
(‘uXperiments which seem to show that the instinct predominating 
over the formation of tlie cocoon is not cognoscent. The Insect, 
if interfered with, displays a profound stupidity. Its method is 
blind perseverance in the customaxy.^ The cocoon of Satiixniidae 
is more often continuous, i.e. entirely closed. Packard says that 
^ Souvenirs entomoloyirpies, qu^trieme serie, 1891, pp. 39-46. 
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Actias lima effects its escape by cutting through the strong 
cocoon with an instrument situate at the base of the front wing. 
Other species were examined and w^ere found to possess tlie in- 
strument ; but Packard is convinced that tlie majority of tlie 
species possessing the instrument do not use it, but escape l)y 
emitting a fluid that softens the cocoon and enables the moth 
to push itself through.’- The cocoons of the species of GarancMa 
have a beautiful appearance, like masses of filagree-work in silver. 
The pupa in CerancMa is very peculiar, being terminated l^y a 
long, spine-like process. In Loej^a neivara the cocoon is of a 
green colour and suspended by a stalk ; looking like the pod, or 
pitcher, of a plant. The silk of the Saturniidae is usually coarse, 
and is known as Tusser or Tussore ^ silk. 

The larvae of this family are as remarkable as the images, being 
furnished with spine-bearing tubercles or warts; or long fleshy 
processes ; the colours are frequently beautiful. The caterpillar of 
Attacm atlas (Fig. 187) is pale olive-green and lavender, and has a 
peculiar, conspicuous, red mark on each flank close to the clasper. 

About seventy genera and several hundred species are already 
known of this interesting family. They are widely distributed 
on the globe, though there are but few in Australia. Our 
only British species, the Emperor moth, Saturnia ^avonia, is 
by no means rare, and its larva is a beautiful object ; bright 
green with conspicuous tubercles of a rosy, or yellow, colour. It 
affects an unusual variety of food-plants, sloe and heather being 
favourites ; the writer has found it at Wicken flourishing on the 
leaves of the yellow water-lily. Although the Emperor moth is 
one of the largest of our native Lepidopterous Insects, it is one 
of the smallest of the Saturniidae. 

The family Hemileucidae of Packard is included at present in 
Saturniidae. 

Fam. 4. Brahmaeidae. — The species forming the genus 
Brahmaea have been placed in various families, and are 
now treated by Hampson as a family apart, distinguished 
from Saturniidae by the presence of a proboscis. They are 
magnificent, large moths, of sombre colours, but with complex 
patterns on the wings, looking as if intended as designs for 

^ Amer. Natural, xih 1878, p. 379. 

2 Cotes, “Wild Silk Insects of India,” hid. Mus. Notes, ii. Ko. 2, 1891, 
15 plates. 
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upliolstery. Aliout fifteen species are recognised ; the geo- 
gra,pliical distrilintioii is remarkable ; consisting of a comparatively 
narrow belt extending across the Old World from Japan to West 
Africa, including Asia Minor and tlie shores of the Caspian Sea. 
Idttle lias been recorded as to the life-histories of these Insects. 
The larva is said to liave the second and third segments swollen 
and armed with a pair of lateral spines projecting forwards. A 
cocoon is not formed. 

Fam. 5. Ceratocampidae. — This is a small family. They are 
fine moths peculiar to the New World, and known principally by 
scattered notices in the works of North American entomologists. 
Seven genera and about sixty species are known. The chief 
genus is Citheronia. Some of the larvae are remarkable, being 
armed with large and complex spines. A cocoon is not formed. 

Fam. 6. Bombycidae. — In entomological literature this 
name has a very uncertain meaning, as it has been applied to^ 
diverse groups ; ' even at present the name is frequently used for 
the Lasiocampidae. We apply it to the inconsiderable feimily 
of true silkworm moths. Tliey are comparatively small and 
uninteresting Insects in both the larval and imaginal instars ; 
but the cocoons formed by the well-known silkworm are of great 
value, and some otlier species form similar structures that are of 
more or less value for commercial purposes. The silkworm has 
been domesticated for an enormous period, and is consequently 
now very widely sj)read over the earth’s surface ; opinions differ 
as to its real home, some thinking it came originally from 
Northern China, while others believe Bengal to have been its 
native habitat. The silkworm is properly called Bomhyx nnori, 
but perliaps it is as often styled Sericaria mori. Besides being 
of so great a value in commerce, this Insect has become an 
important object of investigation as to anatomy, physiology and 
development. Its domestication has probably been accompanied 
by a certain amount of change in habits and instincts, the 
creature having apparently lost its appreciation of freedom and 
its power of flight ; it is also said to be helpless in certain 
respects when placed on trees in the larval state ; but the import- 
ance of these points has been perhaps somewhat exaggerated.^ 

Although the family Bombycidae is very widely distributed 
in the warmer regions of the world, it includes only 15 or 20 
1 Sec on this subject Perez, Act. ^oc. Bordeaux, xlvii. 1894, p. 236, etc. 
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genera, and none of them have many species. The Mustiliidae 
of some entomologists are included here. Like the Satiirxiiidae, 
the Bombycidae are destitute of proboscis and of frenulum to the 
wings, but they possess two or three internal nervures on the 
hind wing instead of the single one existing in Saturniidae. 

Fam. 7. Eupterotidae (Striphnopterygidae of Aurivillius).— 
This family lias only recently been separated from Lasiocampidae ; 
its members, however, possess a frenulum; while none is present 
in the larger family mentioned. Its limits are still uncertain, 
l)ut it includes several extremely interesting forms. The larvae 
of the European processionary moth, Cnetliocarnpaprocesdonea, are 
social ill habits ; they sometimes occur in very large numbers, and. 
march in columns of peculiar form, each band being liea-ded by a 
leader in front, and the column gradually becoming broader. It 
is thought that the leader spins a thread as he goes on, and that 
the lateral leaders of the succeeding files fasten the threads they 
spin to that of the first individual, and in this way all are 
brought into unison. The hairs of these caterpillars are abun- 
dant, and produce great irritation to tlie skin and nmcous mem- 
brane of any one unlucky enough to come into too close contact 
with the creatures. This property is, however, not confined to the 
hairs of the processionary moths, but is shared to a greater or 
less extent by the hairs of various other caterpillars of tins 
division of Lepidoptera. In some cases tlie irritation is believed 
to be due to the form of the hair or spine, which may be barbed 
or otherwise peculiar in form. It is also thought tliat in some 
cases a poisonous licpiid is contained in the spine. 

The larvae of other forms have the habit of forming dense 
webs, more or less Ixaglike, for common liabitation by a grea,t 
number of caterpillars, and they afterwards spin their cocoons 
inside these receptacles. This has been ascertained to occur in 
the case of several species of the genus Ana^dte, as has been 
described and illustrated by Dr. Eischer,^ Lord Walsingham,*'^ and 
Dr. Holland.^ The structures are said to be conspicuous objects 
on trees in some parts of Africa. The common dwelling of this 
kind formed by the caterpillars of HyjpsoicUs radama in Madagascar 
is said to be several feet in length ; but the structures of most 
of the otlier species are of much smaller size. 

^ Berlin, cut, Zeitsehr. xxvii. 1883, p. 9. 

^ Tr. JAnn. Soc. ser. 2, ii. 1885, p. 421. ^ Psyche^ vi. 1893, p. 385. 
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; The larvae of the South American genus Pahistrct, though 

f liairy like other Eupterotid caterpillars, are aquatic in their 

j liabits, and swim l;)y coiling themselves and making movements 

: of extension; the liair on the hack is in the form of dense 

L hrushes, but at the sides of the body it is longer and more 

f remote ; when the creatures come to the surface — which is but 

[ rarely— tlic dorsal brushes are quite dry, while the lateral hairs 

are wet. Tlie stigmata are extremely small, and the mode of 
respiration is not fully known. It was noticed that when 
taken out of the water, and walking in the open air, these 
caterpillars . have but little power of maintaining their 
equilibriuiu. They pupate beneath the water in a singular 
loanner : a first one having formed its cocoon, others come suc- 
cessively and add theirs to it so as to form a mass.^ Another 
species of Pcdustrct, P. hurmeisteri, Berg,^ is also believed to 
I breathe by means of air entangled in its long clothing ; it 

I comes to the surface occasionally, to renew the supply ; the 

hairs of the shorter brushes are each swollen at the extremity, 

I but wliether this may be in connexion with respiration is not 

I known. This species pupates out of the water, between thie 

! loaves of plants. 

\ Dirphia tarquinia is remarkable on account of the great 

j <lifference of colour and appearance in the two sexes. In the 

r Australian genus Mamne the abdomen is densely tufted at the 

extremity with hair of a different colour. 

Fam. 8. Perophoridae. — The moths of the genus Perophora 
have for long been an enigma to systematists, and have been 
placed as abnormal members of Psychidae or of Drepanidae, 
but Packard now treats them as a distinct family. The larvae 
display no signs of any social instincts, but, on the contrary, each 
one forms a little dwelling for itself. Some twenty species of 
Peroqdiora are now known; they inhabit a large part of the 
New World, extending from Minnesota to Buenos Aires. The 
habits of P. Tnelslieimeri have been described *by Harris, 
Packard^ and Newman, and those of P. hatesi by Newman.^ The 
larva is very peculiar ; there is a flexible pair of appendages on the 

^ Bar and Laboulbene, Ann. Aoc. ent. France, (v.) iii. 1873, p. 300. 

2 O'p cit. (5), vii. 1877, p. 181 ; and Ent. Zeit. Stettin, xxxix. 1878, p. 221 ; and 
xliv. 1883, p. 402. 

^ Ann. New York Ac. viii. 1893, p. 48. 

Tr. ent. Soc. Londoyi, n.s. iii. 1854, p. 1. 
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head, the use of which is unknown ; ^ they arise by slender stalks 
behind and above the eyes, are about as long as the head, and 
are easily broken off After hatching, the young la,rva, when it 
begins to feed, fastens two leaves together with silk threads, and 
so feeds after tlie hi^hioii of a Tortricid, rather tlnin a ca,se-inaking, 
larva. Subsequently, however, the caterpilhir entirely detaches 
two pieces of leaves and fastens them together at the edges, thus 
constructing a case -that it lives in, and carries about; it can 
readily leave the case and afterwards return to it. When at 
rest, the larva relieves itself from the effort of supporting this 
case by the device of fiistening it to a leaf with a lew silken 
threads ; when the creature wished to start again, “ it came out 
and bit off' these threads close to the case.” Subsequently it 
changes inside the case to a pupa armed with transverse rows of 
teeth, like so many other pupae that are capable of a certain 
amount of movement. The larva is of broad, short, peculiar 
form, and is said to be very bold in defending itself when at- 
tacked. The moth is somewhat like the silkworm moth, thougli 
of a more tawny colour. Newman does pot allude to any 
cephalic appendages as existing in the larva of P. hated. 
If we accept the eggs figured and described by Snellen,''^ as those 
of P. hated, it is possible that this Insect possesses a peculiar 
mode of oviposition, the eggs being placed one on tlie other, so 
as to form an outstanding string; but we think tliis example 
j)robably abnormal; the mode is not shared by F. mdskevnu/n. 
The genus Lacosoma is considered by Packard to ]je an ally of 
Ferophora. The caterpillar of Z. chiridota doubles a leaf at the 
mid-rib and fastens the two edges together, thus* forming an un- 
symmetrical case. Many larvae of Microlepidoptera do something 
like this, blit the Lacosoma cuts off the habitation thus formed and 
carries it about. Packard says it may have descended from 
ancestors with ordinary habits and that certain jjeculiar obsolete 
markings on the body of the caterpillar may be indications of this.^ 
The Argentinian Insect Mamillo curtisea ^ is also probably an ally 

^ Dyar says, “We may surmise that it is to present a terrifying appearance to- 
ward small enemies.” He calls the Insect both Perophora and Cicinnus, viclshci- 
mcri, and states tliat it belongs [according to the larva] to Tineidae ; the ai>pendages 
he considers to be enormously developed setae. /. iVl York ent. Soc. iv. 1896, p. 92. 

2 Pijdschr. Ent. xxxviii. 1895, p. 56, PL 4. 

^ Ann. New York Ac. viii. 1893, p. 48. 

^ Weyenbergli, Tiplsclir. Ent. xvii. 1874, p, 220, PI. xiii. 
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of LaGOsom.a, The caterpillar of this moth spins a dwelling 
for itself, and is remarkable from, the bright colour of tlie 
tlioracic segments, the following somites being colourless ; the 
hea.d liears a pair of large processes, rpiite different from 
those figured by Harris. The moth itself is very Geometrid- 
like in colour and form. This species is now assigned to FerO' 


Fig. ISS.—Larvae of Hammock -motli, Pcmphora sangninolcnta, projecting from tlieir 
Hammocks, built from their own excrement. South America. (After Jones.) 


phora, hut it seems to be very doubtful whether many of the 
species placed in this genus really belong to it. The diversity 
of habits and instincts evinced by these moths of exceptional 
modes of life, hut considered to be closely allied, is very interest- 
ing. The. most remarkable of all is the Hammock-moth, Pero- 
pliora sanguinolentay of the centre of South America, the larva of 
which constructs its portable habitations out of its own excre- 
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meiit, which is of peculiar form, specially siiitahle for the 
purpose. The caterpillar, when wishing to enlarge its case, builds 
it up from excrement “ flattened at the sides, so as to a,dapt it 
for building purposes.” ^ 

Fam. 9. SpMngidae (Hawk- noth s). — A very important 
family of moths of large or moderate size. They ha,ve a pro- 
boscis which is fre(xuently very long ; tliere is a, frenulvini ; the 
body is stouter than in most other Lepidoptera, and the wings 
are of small superficies in comparison with it ; the antennae a.re 
somewhat peculiar, having a thick, solid appearance, pointed a,t 
the tipr This is usually somewhat hooked, and bears a few liairs. 
Ill the males the antennae are formed in a manner specially 
characteristic of the family. In section, each joint shows a 
cliitinous process on the under side (Fig. 189, A), forming with, 
that of the other joints a continuous ridge, and on each 




Fig. 189. — Antennae 
ofSpliingidae. A, 
One joint of an- 
tenna of (JJwero- 
amipd filpr.nar (5, 
enlarged ; B, three 
joints of antenna of 
Ivj'udrl, 
seen from one side, 
and enlarged. 


side of this ridge there exists a series of short, delicate '"cilia” 
arranged in a very beautiful manner (Fig. 189, B). This structure, 
with some modifications, appears to he usually present in the 
family ; it attains a very perfect development in cases where 
the tips of two rows of cilia bend towards one auotlier, meeting 
so as to form an arched cavity. This structure is different from 
what occurs in the males of other families of Lepidoptera, for 
though cilia are very common, they are usually placed either on 
two projections from the body of the antennae (instead of on the 
two sides of a single projection), or there is luit a single whorl, or 
set, of them on each joint {Catocala, etc.). The front wings are 
usually pointed at the tip, and are long in proportion to their 
width ; but in the Smerinthini they are of different form, with 
the outer margin scalloped ; the hind wings are remarkably 
small ; the abdomen is frequently pointed, but in the Macro- 
glossini, or Humming-bird hawk-moths, it is furnished at tlie 
^ Jones, P. Limrpoul x^x.xiii. 1879, p. Ixxvii. 
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tip with a tuft, <n‘ with two tufts, of den, so, long seales, eapahle 
of expansion. 

The larvae are remarkable for their colours and forni. The 
anterior segments are attenuated, but are capable of great retrac- 
tion, so that in repose (Fig. 190, A) this shape is concealed by 
the curious attitudes that are assumed. There is in nearly 
all cases a conspicuous horn on the eleventh segment, and the body 
at the extremity behind the horn is so much modified that the 
terniinal two segments look like little more than a pair of large 
claspers. In the Ohoerocampini, the thoracic segments are 
retractile, and can Ije withdrawn into the more or less inflated 
fourth segment, and give the creature somewhat the appearance 


Fig. 190. — Larva of 
the Poplar Hawk- 
moth, &ne7’mth'us- 
'popidi. X 1. A, 
ill repose ; B, in 
movement. 


of a miniature hooded snake. The larvae of Sphingidae do not 
bear any consjiicuous hairs — except during the first instar. They 
do not spill cocoons, hut bury themselves in the earth. The 
pupa is remarkable from the deep cleft that exists to admit air 
to the first spiracle, and for a deep depression on each side of the 
anterior part of abdominal segments 5-7 ; in some cases the 
proboscis projects on the breast somewhat like the handle of a 
pitcher. 

A great deal has been written on the colours, markings, and 
attitudes of Sphingid larvae, and many interesting facts have 
been brought to light. We may refer the reader to the writings 
of Weismann^ and Poulton,^ without, however, recommending, 
him to place an implicit confidence in their somewhat 
metaphysical disquisitions ; for the views there shadowed will 

^ Studies in the Theory of Dcsecnt^ part 2, London, 1881. 

2 Tr. mi. Soc. Lo^ulon, 1885 and 1886. 
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necessarily ])ecanio niiicli nioilified with the a,(lv}iiicc‘. ot‘ (vxa,cb 
knowledge. It is certain that the position assumed l)y the same 
individual varies much according to age, and to the interval 
since the last moult ; sometimes the attitude is much more reinark- 
ahle than that shown in Figure 190, A, for the anterior seg- 
ments are held erect, as well as contracted, the front part 
of the body being curled, and the Insect supported by the 
claspers and two pairs only of the a.bdominal feet. There is, 
too, a considerable dilference in colour l)efore and after an 
ecdysis. Piepers, who has had a long experience among Sphingid 
larvae in Java, considers tliat much of what ha,s been written as 
to the protective value of their colours and attitudes, is mere 
fancy, and wild generalisation.^ 

Sphingidae have been recorded as capable of producing sounds 
in the larval and pupal, as well as in the perfect, instars ; but 
the method in which this is done has not been ascertained, 
s except in the case of the imago of the Deatlds-head moth, 
which is well known to emit a very audible cry when not on the 
wing; in this case it is highly probable tluit the method is the 
friction of the palpi against the jjroboscis, as stated by Kcainiuir 
and Landois ; the inner face of tlie palp is said to ])e marked in 
this case with fine ridges or striae. 

Fam. 10. Cocytiidae. — A single genus constitutes this family, 
and there are only three or four species known ; they come from 



Fig. 191 . — Cocytia durvillii. New Guinea. (After Boisduval.) 


the region of New Guinea, whence the first was hronght l»y 
D’Urville nearly a hundred years ago. d’hey are still aiuougst 

^ Tijdschr, But. xl. 1897, ])p. 27-103, 4 plates. 
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■ ■'"•.sL .,1 Insocts. Nothing is known as to tlieir life-histories. 

n .11 q .eara nee they somewhat remind us of the Bee-hawk moths and 

I>utler says ^ the family is characterised by the palpi 
uliich (liller lunch in the two aovoo n„ tn j. ^ ’ 


ificr lunch in the two sexes, and by the antennae 
Id.ng tho.se of Oastniidae or Hesneriidae. The fo..o 


resein- 

, , , Hesperiidae. The form, transparencr, 

aiHl colm-iitiou of the wings reminds one vividly of the Sphincrid 
gmms /fen>„r,.s ; the nervuration is somewhat like that of mmaris 
hut, )ia,K certain features of Zygaenidae. Butler places the family 
hidween Agaristidae and Zygaenidae. 

Fam. 11. Notodontidae (Prominents, Puss-moths, etc.). — This 
IS one of tlie most extensive of the families of Bombyces ; it con- 
sists in larger part of obscure-coloured moths, somewhat hke the 
ordinary Noctuidae of temjierate regions; to which family the Noto- 
donts arc indeed considered to be very closely allied. The family 
contains, iiowever, some very remarkable forms. Tarsolepis has 
an elongate Ijodj, 
torniiua,t(‘(l (in the 
ionuile of 71 fuU 
(luri/eiuf.) hya very 
coiiHjiio.noue tuft 
of enonnoiisly 
long, hattledore 
HcaloH ; while in 
th(i male of T. 

thf3 hind 

l(*.gH are ])rovided 
with an append- 
of ]H»aiitifiil, 
roHeate, liairn. A 
fcwv of the larger 
kindn bear a con- 
sidiArable resem- 
I danee in form and 
proportions to the Sphingidae. Some of the larvae are most inter- 
esting objects ; the Puss-moth caterpillar, the Lobster, and the 
.Dragon larvae are of such strange forms that they have already 
interested several generations of observers. The Puss-moth is 
coininon in the southern half of England; its caterpillar (Eig. 192) 
has, instead of the claspers, a pair of tubes in which are concealed 
^ Tr. e%ti Soc. Loiidoiif 1884, p. 351. 



Fig. 192. — Q&riira mnula (Puss-motli) caterpillar. A, Moult- 
ing ; B, the same individual a few hours after the moult. 
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two long, flexible whips, capable of being thrust out, and with- 
drawn, with rapidity. The structure and the mode of action of 
these flagella have been well elucidated by Professor Poulton.^ 
The flagella are to be considered as actual prolongations of the 
receptacle in which each is placed, though they are of very 
different texture therefrom ; they are everted by blood-pressure 
and drawn in by muscular action ; this latter function is very 
perfectly accomplished, the ainoiuit of relaxation and contraction 
of the muscle Ijeing very great. It has been maintained that 
the whips have arisen as arms of protection against the attacks 
of Ichneumon liies ; observation shows, however, that the j3ro- 
portion of these protected ” Insects destroyed by enemies of this 
sort is quite as large as it is in the case of forms that are not so 
protected. The Puss-moth larva is also believed to be protected 
by terrifying attitudes,^ as well as by ejection (like so many other 
larvae and insects generally) of fluid. There is no reason for 
believing that these larvae are less eaten tlian others, and con- 
sequently a further hypothesis has been proposed, to the effect 
that if they had not acquired these means of defence they would 
have been exterminated altogether. This supposition is con- 
sidered to account for their acquiring the defence by means of 
natural selection ; realising the dictum of D. O’Phace, Esq. — 

Some flossifers think that a fakkilty’s granted, 

The iiiinnifiPs proved to be thoroughly wanted. 

When the Puss-moth caterpillar is full grown it spins a peculiar 
cocoon of a solid and impervious nature, which it manages to make 
look very like the spots, crevices, or other places amongst which 
it is located ; in this pjrison the creature remains for nine or ten 
months — by far the larger part of its existence. When it has 
changed to a moth it has to escape from the cell in which it so 
eflfectiially confined itself. This is effected by the cocoon being 
thinner in front of the head of the moth, and by the emission 
from the alimentary canal of a fluid that softens the cocoon at 
the spot alluded to. Mr. Latter has ascertained ^ that this fluid 
is strongly alkaline, and contains potassium hydroxide. The 
front of the head of the moth is provided with a shield, consist- 
ing of a portion of the pupa shell, which enables the moth to 

^ Tr. ent, Soc. London, 1887, p. 297, PI. x. 

^ See Poiilton, Tr. ent. Soc. London, 1886, etc. ^ Op. cit. 1895, p. 399. 
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push through in safety, and at the same time protects the head 
from the emitted fluid. Figure 192 shows the great change that 
occurs in the period of a few hours in the size of the head of the 
larva, as well as in tliat of the spiracles : in A the old spiracles ■ 
are seen surrounded by the much larger new orifices, which are 
at the moment of moulting quite visible through the skin that is 
about to be cast off. 

The caterpillar of the Lobster-moth, Staurojpus fagi, is more 
remarkable than that of the Puss-moth, but is unfortunately 
very rare. It has remarkably long thoracic legs, the abdomen is 
swollen at the tip, and instead of tlie terminal claspers has two 
long slender processes. The effect of these peculiarities is greatly 
enhanced by the extraordinary attitude assumed by the cater- 
pillar, which holds the first five segments erect, with the second 
and third pairs of thoracic legs outstretched ; the swollen terminal 
segment is also held erect. Hermann Milller states ^ that when 
seen from the front this caterpillar looks like a spider, and also 
that when alarmed it moves the long legs after the fashion of 
an Arachnid. He believes that it is thus effectually protected 
from the attacks of Ichneumons. Birchall says ^ that the young 
larva, when at rest, closely resembles, in colour and outline, 
one of the twigs of beech with unopened buds, on which it 
frequently stations itself; and that, when feeding, its likeness 
to a great earwig or to a Staphylinus is very striking. Others 
say that this caterpillar resembles a dead and crumpled beech 
leaf. 

The larva of llylocampa milhauseri — the Dragon of old Sepp 
— is highly remarkable. When young it has grand lateral 
horns in front, and a dorsal row; as it grows the lateral 
horns disappear. Dr. Chapman says^ that he could not under- 
stand at first why any larva should have such remarkable angular 
outlines, curiously conspicuous corners and humps. But he after- 
wards found that the creature exactly resembled a curled oak 
leaf, eaten and abandoned by a Tortrix larva. This caterpillar 
also constructs an elaborate cocoon from which the moth escapes 
by an operation performed by the pupa, which is provided with 
two hard spines, called by Dr. Chapman sardine-openers. '' By 
a lateral rotatory movement of the pupa, which obtains its fulcrum 


I 


P. ent. Soc. London, 1880, p. iii. - Ent. Monthly Mag. xiii. 1877, p. 231. 
^ Entomologist, xxiii. 1890, p. 92. 
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from the tightness with which it is grasped hj the cocoon, it 
traverses over and over again ” the same part of the cocoon till 
it is cut through ; at the same time the spines act as guides to 
a fluid which is emitted so as to soften the part that has to he 
sundered. 

Tliough many other larvae of Notodontidae are of most 
curious form and assume remarkable attitudes, yet this is not 
the case with all, and some are quite ordinary and like the cater- 
pillars of coinmoii Noctuidae. This is the case with the spjecies 
llhegmatopJiila alpina we have selected to illustrate the meta- 
morphosis of the Order (hig. 157). Those who wish to form an 
idea of tlie variety of larval forms in this family will do well 
to refer to Packard’s beautiful volume on the North American 
forms.^ The family has a very wide distribution, but is absent 
from New Zealand and Polynesia, and appears to be but poorly 
represented in Australia. In Britain we have about two dozen 
species. 

Fam. 12. Cymatophoridae. — A small family of nocturnal 
moths that connect the Bombyces with the Noctuids ; they are 
usually associated with the latter, but are widely separated in 
Hampson’s arrangement because of a slight difierence of nervura- 
tion, nervule 5 being nearer to 6 than to 4, whereas in Noctuidae 
the reverse is the case. The Insects, however, in certain respects 
approach the Notodontidae, and are of interest if only as showing 
that the linear sequences we adopt in books are necessarily con- 
ventional, and to some extent deceptive. We have three genera 
in Britain ; our pretty Peach-blossom, Thyatira latis, and the very 
different Biifl-arches, T. deT'asco, being among them. Meyrick 
denies any connexion of this group with Noctuidae, and in his 
nomenclature CymatophoTCb becomes Polyploca, and the family, 
consequently, Polyplocidae. 

Fam. 13. Sesiidae or Aegeriidae {Clear-wings ). — A family 
of comparatively small extent ; its members have frequently one 
or both pairs of wings in large part free from scales, the tip of 
the body tufted, the hind legs of one sex peculiar. The size is 
usually small, but in the largest forms the measurement may he 
but little less than two inches across ' the expanded wings. 
The pupa is of the kind classed as incoinpletae ” by Chapman, 
the appendages not being firmly glued to the body, and much 
^ M&m. Ac. Washington, vii. 1895. 290 pp., 49 plates. 
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mobility existing; an ''eye-collar'’ is present, and tlie segments 
of the abdomen are armed with series of teeth. The larva 
is a concealed feeder, nearly naked and colourless, hut with 
the legs normal in number — three thoracic, four abdominal pairs 
of feet, and the terminal claspers; these are sometimes but 
poorly developed ; the larvae have a greater or less resemblance 
to tliose of Longicorn beetles, the habits of which they share. The 
family was formerly associated with the Sphingidae, with which 
it has no true relationship ; it is more closely allied to the 
Tineidae. Some of the species have a certain resemldance to 
Hyrnenoptera, which is probably in most, if not in all cases 
merely incidental. The proper position of the family was pointed 
out by Butler,^ but he did not distinguish it from ITnaegeriidae. 
Meyrick calls the family Aegeriadae, and places it in his series 
Tineina. 

We have two genera of these Clear -wings in Britain. 
They are TTOcliilimn (called variously Sesia, Spliecia, and 
Aer/eria), with two species of comparatively large size, and Sesia 
(called variously TrocMlium and 
Aegeria), with nearly a dozen species 
of smaller size. A third genus, 

Sciagderon, is doubtfully native witli 
us. They are much prized by col- 
lectors on account of the rarity of 
the Insects and their great differ- 
ence in appearance from our other 
native Lepidoptera. 

Fam. 14. Tinaegeriidae. — This 
is one of the least known of the 
families of Lejndoptera, and has only 
recently been distinguished from 
Sesiidae. It is entirely exotic, and 
our knowledge of it is principally 
due to Lord Walsingham.^ Nothing 
is known as to the life-histories, except that it has been stated 
by Stainton that a larva feeds in webs on shoots of a shrub of 
the genus Clerodenclron. .The family is widely distributed, but 
its inetrox-)olis will probably prove to be the tropjics of Africa. It 
is of considerable interest as showing that the Sesiidae really 
1 Tr. mit. Soc, London, 1878, p. 121, PL v. « Op. ciL 1889, pp. 1-10, 6 plates. 
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belong to the Tineicl series of moths. The specicis w(‘, figure (h'ig. 
193) has a character otherwise peculiar to Sesiidae iu tiui wings 
being inserted on the thorax remote from the hciul— o, feotiure w (3 
do not find in the Tiiieidae proper; while on tlie other hand it 
has the long wing-fringes, and the shape of tlie wings tha,t a, re 
characteristic of Tineidae. It is worth mentioning that though 
these Insects are of excessive rarity find very peculiar, tlau'e (‘xists 
in the Solomon Islands^ a species distinct from, thoiigii a,t first 
sight excessively similar to, the S. Africa, n one wci figure. 

Fam. 15. Syntomidae.— This family has usually Intern asso- 
ciated with the Zygaeiiidae. It includtis a, largxi nunibca* of 
moths having, as a rule, in external appeara, luru. litthi to distin- 
guish them from the family named. Many of tlumi are ol“ gaudy 
colours, and probably of diurnal, but somewhat S(.identa,ry, habits. 
The wings are less ample than usual, tlui hind i)air'fr(3,(|ueutly 
very small, so that the Insects have soniowhat the proportions of 
Hymenoptera. In some cases tlie resemhlance is imule more 
remarkable by the feet that the wings are tra,ns})ar(mt a, ml ha, re 
of scales, or have scales only at the margins, so as to he like the 
wings of Hymenoptera. Not less remarkfihh*, is the fa,et that 
these Insects use the body itself for the purposes of {ulornnuint 
or display; thus adopting a system prevalent in the Ifymenoi)- 
tera, rather than that of their own Order, when^ th(‘, ruk‘ is that 
the wings are more orxiamented than tlu^ body. In many 
cases the shape of the body is so very diherent from. th(3 normal 
that the disposition of the organs of life in the iuterior of the 
body must be materially affected. In some genera, such as Andre- 
nimorpha, the form, colour and attitude of the body and some 
of the limbs are plainly similar to Hymenoptera. These Insects 
have a highly-develoiied frenulum, retinaculum, and imihoscis ; 
bipectinate antennae in the male, a complex organ at th {3 base 
of the abdomen on each side, and are in fact highly-developed 
forms, except perhaps as regards the structures in connexion 
with flight. 

Unfortunately little or nothing is known as to the Iiahits 
and metamorphoses of these extraordinary creatures, l.mt it is no 
doubt to them Seitz referred in saying, “ How far one may be 
deceived by appearances of a mimetic nature can only l)e com- 
prehended by visiting the tropics; in this part of the world 
^ Walsingliam, Op. at., 1889. c. p. 21. 
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[Europe] one is prepared by knowledge gained from books for 
the appearance Sesici presents. Had one no knowledge of this 
sort as to Sesiidae he would actually in the field [in Brazil] over- 
look dozens of these little creatures without being aware of his 
deception. The surprise at finding a quite different being in the 
net from what one believes he has caught occurs daily in Brazil, 
so rich in Lepidoptera.'’ ^ The same intelligent observer says ^ 
that a species of Macrocneme was observed by him to be exactly 
like one of the blue wasps of the genus Pejosis. 

One remarkable point in these Hymenopteroid Syntomids 
is their complete dissimilarity from their immediate allies. 
They resemble very different Hymenojptera ; and not only 
stinging Hymenopfera ; the Sessili ventres have a large share 
of their attentions ; the numerous species of Dydadia partaking 
the appearance of the South American Sawflies in a wonderful 
manner. Bees, Wasps of the most different Idnds, and a variety 
of Sawflies are beautifully paralleled, if one may use such an 
expression, by these Syntomids. That shown in Big. 194 has the 
abdomen formed like that of a Petiolate Hymenopteron ; the 
base of this part, moreover, resembles in a remarkable manner 
the median segment of that Order. The constriction is, how- 
ever, placed not at the base of the abdomen but beyond the second 
segment. Thus the structure is not moiqiliologically similar to 
that of the Hymenoptera, for the median segment of Aculeate 
Hyrnenoptera consists of only one abdominal segment, while in 
this moth the corresponding part is formed of two segments. 
Though anatomically inexact, the resemblance is, as to propor- 
tions, correct ; and those who delight in' tlie use of the imagination 
will see tliat had the moth used only one segment for the imita- 
tion, the result would have been less successful owing to insufficient 
size. In his very interesting account of some Brazilian Syii- 
tomids,^ Seitz describes a species of Trichura provided with a 
long appendage th^t is held straight backwards during life ; and 
he informs us that this creature resembles a female Ichneumon, 
the long process looking like the elongate ovipositor of the 
Hymenopteron. Possibly the species from Demerara we figure 
may resemble an Ichneumon we are not acquainted with, though 
its colour and form rather suggest a likeness to an Aculeate. 

1 Ent, Zeit. Stettin, Ivi. 1895, p. 233. Op. cit. li. 1890, p. 261. 

3 Ent. Zeit. Stettin, li., 1890, p. 263. 
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This case of resemblance is of the most noteworthy character, 
for an a.ppendage of this kind in a Lepidopteroiis Insect is 
without parallel, and is almost equivalent to tlie production of 
a new structure. An interesting feature of the case is that 
Ichneumonidae do not sting, and there is no evident reason why 
the enemies of the moth should he particularly afraid ot an 
ovipositor. 

The larvae appear to be in form somewhat like tliose of 
Zygaenidae ; but with the same sort of remarkable clothing, in 
the form of tufts and brushes, that we find in Lymaiitriidae. A 



Fig. 194. — Trichum^ sp. x f . Demerara. 


cocoon is formed. In Britain no member of this family is to 
be met with, but Nadia ancilla may formerly have been a 
native ; Syntomis fliegea has occurred here ; probably an escaped 
example that had been introduced in one of its earlier stages. 

Fam. 16. Zygaenidae {Burmt-Motlii ). — This family is one 
about the limits and characters of which much difference of 
opinion prevails. As exemplified by our Burnet -moths it is 
characterised (in addition to the points given in the table) by 
the peculiar, flexible antennae; these are a little thicker before 
the tip, but are curved and pointed at the extremity, and without 
pectinations in the male. There is an elongate proboscis ; 
bladder-like organs at the sides of the first abdominal segment 
are not present. The pupa is softer than is usual in the Macro- 
lepidoptera, and the parts are less firmly fixed together, so that 
unusual mobility exists; six of the intersegmental membranes 
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are IreC; and tlie a,bdoiiien lias iniich power of moveiueiit ; there 
is no eye-collar; the antennae, hind legs, and prolioscis-tips 
stretch backwards as far as the fiftli or sixth abdoniinal seg- 
ment, the tips being quite free; on the dorsal plates of tlie 
abdomen tliere are rows of niiiuite elevations reminding one of 
the teeth existing in pupae that live in stems or galleries. 'I'his 
is altogether a peculiar pupa; it lives closely enclosed in a small 
liarcl cocoon, and its great capacity for nioveinent is perhaps con- 
nected with the fact tliat tlie pupa itself manages to force its 
way through the cocoon in anticipation of the emergence of the 
moth. This cocoon is fastened tightly to a stem, and is covered 
with a substance that gives it a glay.ed appearance. The larvae 
are objects of a baggy nature, with inferior coloration, consisting 
of large dark blotches on a light ground, and without any 
remarkable development of their somewhat feeble system of 
hairs. Numerous small moths from the tropics are assigned 
to tlie family; tliey are most of them conspicuously marked 
and coloured, and like our Buriiets are probably diurnal. 

The family Chalcosiidae is reduced by Hampson to the 
position of a sub-family of Zygaenidae. It consists of a large 
variety of diurnal moths of varied and brilliant colours, witli an 
expanse of wing large in 
comparison with the typi- 
cal Zygaenae, and with 
the antennae pectinate or 
flabellate to the tip. Some 
of these Insects (wliicl). are 
as conspicuous as possible 
in appearance, at any rate ^ ar rr • 77 

^ ^ Fig. 195. — Jlampscmia pnlcherrima. Wings ou 

in a cabinet, the East right side detached and denuded to show 
Indian GaApUses moorei ““''““tion. India. (Ate Swiulioc.) 

e.g,) are considered to be destitute of any special “ protection.” 
Ilisf/ia is a genus of remarkable cruciform moths, of a mixture 
of black and metallic colours, with carmine - tinted bodies. 
Hanipsonia pulcherrima (East India) is a curious moth of butter- 
fly form -and coloration, red and black with yellow patches, and 
with some of the nervules distorted, as if they had been forced 
apart in certain spots in order to accommodate these patches. 

Two or three hundred species of Chalcosiidae are recorded. 
They are specially characteristic of the Indo-Malayan region. 
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Fam. 17. Himantopteridae (Thymaridae of souk* aui.ho- 
rities) are placed by Hampson in tlio sul)-fainily rhaaidinai* of* 
Zygaenidae characterised by the aljsenco of the iiiouth-parts. 
The Himantopteridae are small moths, and hav(i tie*, scales (Jti 
the wings very imperfect and hair- like; the hind wings form 
long slender tails, so that the Insects scarcely look like, netihs. 
They are peculiar to India and Africa. In the South Ali'icnn 
genus Dianeura (belonging really to Phaudinae) also tin*, wings 
are scaleless and nearly transparent. 

Fam. 18. Heterogynidae. — Consists of th(‘, singh^ genus 
Heterogynis which has hitherto becni found only in the* south of‘ 
Eurojoe. This is an important form connecting Zygaeniihu* a-nd 
Psychidae. The larvae resemble those of Zygacnm, and construct 
an oval cocoon for their metamorphosiH. male issues as a. 

small moth of smoky colour, tlie scales being but impcu’fect; 
the female chrysalis shows no trace of any a-ppen(lag(‘s, and tln*- 
imago is practically a maggot, and never leaves tlH‘ ('oc^oon ; in it 
she deposits her eggs, and the young larva, hatch ther(*d 

Fam. 19. Psychidae. — Small, or moderate-sized moths, with 
imperfect scales, and little or no colour l)eyond certain sluahw of 
duskiness; the sexes very different, the female l)(dng wingless and 
sometimes quite maggot-like; the male often with rcmarkuhl(», 
bipectinate antennae, the branches sometinK^s vtny long and 
flexible. Larva inhabiting a case that it carrUts about, lliin 
family consists of Insects unattractive*, in }i|)p(*ara.ncc* }>ut pn*H{*.nt« 
ing some points of great interest. It is fr(‘<|ue*ntly stated that 
the Psychidae are destitute of scales, Init II(*yIa,e.rts states - tliat, 
in addition to hairs, scales of a more or less inqH*rtect formation 
are present in all, but that they are*., like*, thow*. of sejne Sphingidae 
{Macroglossa), very easily detached. Tluae is muedi difrerrmci! in 
the females, some having well-developed legs, while, oihc*rs iirc! 
not only apterous, but are bare and d(*,Htitute^ of appendiige^s 
like a maggot, while in certain cases (Fig. 196, (r), the lieiid 
is reduced in size and is of peculiar form so as to loiikcj the 
Insect look really like the larva of one of thi^ parasitie I Hptera. 
These females never leave tlieir eases, but depoHit tlndr eggs 

^ For details as to habits, etc,, se^ Raiiibur, Ann. Hoc. eni. Frunai^ v„ 18S6, 
p. 577 ; and Graslin, op. cit. xix. 1850, p. 396. 

^ Monograph of European Psychidae, xhm. Buc. eni, Bdoimir, xxv. 1881 . 
p. 29, etc. ' ' 
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therein, and inside, also, tlieir former pTipa.-slvin ; and here the 
young hatch ; the peculiar little larvae are very numerous, a, ml it is 
suggested that they make a first meal on the body of tlieir parent, 
but this we believe has not been satisfactorily ascertained. 
Great differences as to the condition of the legs, antennae, etc., 
are said to exist in species of the same genus. There is also a 
remarkable diversity in the pupae of the females ; the male sex 
being normal in this respect. Some of the female pupae are 
destitute of wing-sheaths and all other appendages, while others 
are said to possess them, thougli there are no wings at all in 
the imago {Fmnea, e.g.)} Great difficulties attend the study of 
these case-bearing Insects, and several points require careful 



Pig. 196. — Metamorphosis of Mondct rhdbdopjwra. Ceylon. A, Larva in case, nat. 
size ; B, larva itself, magnified ; C, case of female during pupation ; D, case of male 
during pupation ; E, female ptipa, magnified ; F, male moth, nat. size ; G, female 
moth, magnified. (From unpublished drawings by Mr. E. E. Green). 


reconsideration, amongst them the one we have just mentioned. 
The males fly rapidly in .a wild manner, and may sometimes 
be met with in swarms ; their lives are believed to be very brief, 
rarely exceeding a couple of days, and sometimes being limited 
to a few hours. 

The larvae are called basket-worms, and their baskets or 
eases are well worthy of attention. Their variety is remark- 
able ; the most extraordinary are some of the genus Apteronco 
Fig. 197^ B, which perfectly resemble the shells of Molluscs 
such as snails ; indeed, the specimens in the collection at 
the British Museum were sent there as shells. This case is not, 
like those of other Psychidae, constructed of earth or vegetable 
matter, but is of silk and is in texture and appearance exactly 
^ Heylaerts, ojp. cit, p. 55. 


394 


LEPIDOPTERA 


CHAP. 



Fig. 197. — Baskets, or cases, of Psycliidae. 
Amicta quadrangular is ; B, A^derona {ax Coc.h- 
lo^liom) valvata; C, Chalia hockingi. 


like the surface of a shell. FsyeJie lielhi is, according to 
Ingenitzky,^ found in great numbers near Lake Iss}dv-kiil in 

Central Asia, wlierc the 
larvae feed, in their snail- 
shell-like cases, on a, grass, 
just like snails. Only 
females could ])e rearcMl 
from these larvae. -fhe 
case of Cluilia JwiFiwjii 
(Fig. 197, C) consists of 
little pieces of wood cut 
to the proper lengths, and 
spirally arranged, so as to 
form a construction that 
would be cpiite a credit to 
our own species. In some 
of the Canephorinae we 
meet with long cylindrical cases, like those of Caddis-worms, or 
of Tineid larvae. 

Eiley has given an account of several points in the struc- 
ture and natural history of one of the Horth American basket- 
or bag- worms, Thyrido'pteryx e'phemeraeformis; one of his ])oiuts 
being the manner in which the newly hatched larva forms its 
case.^ This question has also been discussed by Packard.*^ Tlie 
larvae when hatched in unnatural conditions will make iim of 
fragments of paper, cork, etc.; for the case ; the act of construc- 
tion takes one or two hours, and the larva does not eat till the 
case is completed. It walks in a peculiar manner, the legs of 
the third pair being moved forwards together, as if they were 
the prongs of a fork. 

This family is already one of considerable extent, l>ut its 
study, as already remarked, is but little advjinced. Some 
naturalists are inclined to place it among the Tineidae, Ijut it 
is connected with Zygaenidae by means of Heterogynidae. Mr. 
Meyrick divides it, placing Fsyclie and SterrliopUryx (tlio ibrms 
representing, according to his ideas, the family l^sychidae in 
Britain) in the series Psychina which includes Zygaenidae. He 

^ Zool. Anz, XX. 1897, p. 473. This is -prohsihly Apterona cre'uulella, or one 
of its varieties. 2 Agric. BnL x. 1887, p. 22. 

^ Ann. JSfew York Ac, viii. 1893, p. 54. 
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rciii<)V(*s tint oUit*!* IjriiJsh g(‘iinr;R Fiuiiic.a iind Efylvh.’ihiypLm^ l^o 
Tiiividjui iH*ar FFy/yo/nff. a,nd Tahjnyrur. '^Phe group (Ja,ii(‘])li()riiuie, 
to which two gonoru in (|U(^atioiL Ijidong, wns .long .siniio Hopar- 
a,te(l from Psy(dnda,c ]>j Ifca-riidi-Schiilfm*, liiit this course was 
condfuniiial hy IIc.yhuu'tK. ra,rth(mogenesis has l)ecu thought by 
sonui to occur in uuni<U’ous spc.(d(‘,s in this lainily, hut Heyhicrts 
says tha.t it; is liMiit(‘d to Apkruna er(mddell<(> var. hdix, arid evcu 
of* this s}Hicics males arii fbuiid in cm’taiu localities. 

Fam. 20. Cossidae (JU)at-MoU{x, or CftrpmUir-Worm,^).— 
Moths of niod(‘ra.ti‘.j or ra,th(u* la,rg(i size, without prol)oscis, fre- 
([iKuitly with a, dciiise^ covering of inattc.d, impc.rfect scales; the 
])att(‘rii hturig va,gu<*,. d'hc larvae bore into triics in which tiny 
of'teu niakii largii biu*rows, leaving holes from which Ba,p exud(‘.s. 
Our cominon Ooa,t-moth is a good s])(*mmeu of tliis laniily, which 
is a v(*ry wididy distril>uti‘.d one. Tire. Australian genus Ftilo- 
vuwnt iras very htrgti, ])(*ctinat(id antennae in the male, 'lire 
larvae. ol‘ Oossidaci arir m.*arly bare of clothing and are unadorned; 
they form a slight cocoon of silk mixed with gnawed wood. 

p^h><^ ef th(^ (h)a,t-moth is nmiarkahle for tire gread devivlop- 
ment of tine, rows of Uudh on th(‘. dorsal asjHicts of the segments 
of tlui alahmien, aaid for tire alrsenee of eonsolidatiou in this 
part, six of thci intersegmenbal incisions Ireing free, and the 
ventral asper'd almost memlrranous. Very little is known as to 
other pupaci f>f tire family. It is believed that the gi^nei'ations 
of these InstKd,H are finven^ than usual, the growth of tlui hirva 
occaipyi ng a. ]Kn-iod of two or tiiree years. Tire larva, of Zemze/ni 
(fescidi forms a t(nn])orary coc'oon in which it passtis a winttvr- 
sleivp, before again hrcaling in the spring.^ It is a moot (|U(‘stion. 
whether the Zeuzeridae should bc3 serparated from tlui (jossida,(^ or 
not. ThtJ iiK'Iudes our Wood-leopard moth, which, like 

many othi‘.r Zeuzmu'ds, is s])otted in a very striking Iriit imirtistic 
manner. I’he position the family Oossuhut should occupy in an 
arrangenKiiit of the Lepidoptera is a viny diflicnlt (piestion. Sonni 
consid(3r the TnHc!cts to allied to Tortricidaic Tha wing-nervura- 
tiou of CfoHM/H is very pticuliar and complex, therii being four or 
five cells on the front wing, and thr(*.c on the hind one. Mcyrhik 
places Zeuzeridae as a family of his series Psychina, but separ- 
ates (Jossidae jiroper (lie calls them Trypanidue) as a family of 
the series Tortriciua. 


^ Kaleiidcr, IJnL ZcU. 3cxxv. 1874, p. 203. 
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Fam. 21. Arbelidae. — Closely allied to (Jossidae, but witli- 
out frenulum, and with less complex wing-nervures. A small 
family believed to be similar to Cossidae in tlie lifediistoiy. 
The tropical African Arbelidae are, as considered by Karsch, a 
distinct family, Hollandellidae. 

Fam. 22. Ohrysopolomidae. — This family has l)een estfib- 
lished by Dr. Aurivillius^ for an African genus, allied in wing- 
nervuration to Cossidae ; the Insects are like Lasiocainpid<ie. 

Fam. 23. Hepialidae {Ghost- and Swift-Moths oi’ 
very diverse size, some gigantic ; wings not fitting togetlnu' w(‘ll 
at the bases; without a frenulum; no prol)0S('is; the scales 
imperfect ; the nervures complex. The Hex)ialida6 are extnniuily 
isolated amongst the Lepidoptera; indeed, they have really no 
allies; the conclusion that they are connected with th(i Micro- 
pterygidae being certainly erroneous. Although but sina.ll in 
numbers — only about 150 species being known— they (exhibit a 
remarkable variety in size and colour. Many are small o!)seuri*, 
moths, while others are of gigantic size— six oi* sciven iinihc^s 
across the wings — and are amongst the most remarkably {;(donred 
of existing Insects. The great Charagia of Australia., with 
colours of green and rose, bearing white spots, are rcmrirka])le. 
The South African Leto venus is of large size, and has an 
astonishing supply of glittering metallic splashes on th(^ wings, 
making a barbaric but effective display. The South Australia.n 
Zelotypia staceyi, of enormous size, is also a handsome moth; 
but the majority of species of the family are adorned only in 
the feeblest manner. 

Very little is known as to the larvae ; tiny are (‘itlicr sub- 
terranean, feeding on roots, or they live in the wood of tre(*s and 
shrubs. They are nearly bare, and are apparently the lowcjst type 
of Bombycid larva. At the same time, it would appe^ar there is 
considerable variety amongst them. Packard says^ the*. 
larva of Ee;pialus mustelinus has the arrangement of setari that is 
normal in Tineidae. The larva of IL Jmmvii Bemm to he* a vtiry 
simple form, but E hectus shows’ a consideral)l(i amount of 
divergence from it. They probably live for several years ; the 
larva of E. argenteo-maculatus in North Americii livcis for three 
years, at first eating the roots of Alder and then entering the 

^ Ent. Tidskr. xvi. 1895, p, 116. 

2 On larvae of Hepialidae, J. New York ent. Hoc. iii. 1895, p. 09, Idates III. IV. 
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stems. T1 k‘. piipju* apt* a.lso pticuliaT. Thfiy a, re of unusually 

(*longat(‘., (*yHu(lri('aI form, with ('/anparatively feeble integument, 

hut with a (*()nsi(l(*ra,]>h^ (h‘veh)piiu‘.nt of c'^hitiuous, elevated, toothed 

ridge-s, on tin* doi*sa,l aspect, a.nd a very strong ridge of this kind- 

on tin* ventral surfac'e of 

the, seventh s(‘gment; tin*, 

\vitig-shf‘a,ths a.r(^ short; it 

is v<ay diflieult to distinguish 

tluf rail numher ol‘ ahdoinina] 

segments. Thest*, pu|»at‘. are. 

remarkably agil(‘, aaid liy 

wriggling ami kicking a,r<i 

aldt^ to move. a. considerable 

distaiH'f* ; it is said that they 

{*an force the.mselv(‘s to the 

Hurhie(‘. e.vcii when tlic^ snpm*- 

ficial soil is (|uite luird. 

\V(‘ (ainnot eonsidfU’ this 

pupa naturadly placcul 

amongst either the ]Hi]>ae 

obtfU'taf*. or incompletafJ of ’^Pupaof //ejnfdmlnpuUnus. Britain. 

, ,, A, Ventral ; B, dorsal aspect 

(Jliapmau. 

We have alr(ia,dy remarkcul that little is known as to the 
life-histories. The species are probably prolific, a female of 
.//, fJiule, liaving hc»en known to deposit more than 2000 eggs. 
Of tlie. AuHtralian forms little more is known ^ than tliat they live 
in tln^ wood of trees and shrulns, and are rapidly disappearing ; 
we may fear that some are extinct without ever having been 
disciovercHl, and others, also unknown l)ut still existing, may 
disapjiear only too soon ; tlie wasteful destruction of timber in 
Anstralia having been deplorable^. 

The pcfuiliar habits of the Hepialidae are not likely to l)ring 
the Insects to tlie net of tlie ordinary collector, and we believe 
they iHWfU* fly to light, Iicncc ,it is ])robable that we are 
accpiainted with only a small portion of the existing species; 
their distribution is very wide, but Australia seems to be their 
metropolis, and in New Zealand twelve species are known. Q'he 
geneiu as at {iresent accepted are remarkable for their wide 
distribution. Leio is s^iid to occur in South Africjii and in the 
* Oil iff, A imtmlian EepmUdaCi Eiitomoloyiat^ xxviii. 1895, p. 114. 
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Fiji Islands; but we must repeat tliat tlie study of these 
interesting Insects is in a very primitive state, and our present 
knowledge of their distribution may be soiuewhab misleading. 

The habits of the European Jle^yiulufi in courtship have been 
observed to a considerable extent and are of grcait -interest, an 
astonishing variety and a profound distinction in the inetliods 
by which the sexes are brouglit -together having been revealed. 

JT. humuli, our Ghost-moth, is the most p(‘>culia-r. Its 
habits were detected ])y Hr. Ch.apman.^ ddie male is an 
Insect of exceptional colour, l)ei.ng wliite al)ov(‘., in cons(V|uence of 
a dense formation of imperfect scah^s ; tin*, femalt* is of the 
brownish tints usual in Swift -moths. In th(‘. month of June 
the male selects a spot where he is conspicuous, and hovers 
persistently there for a period of about twtmty minutt^s in the 
twilight; his colour has a silvery-whiter, glishming a])pearancc, 
so that the Insect is really conspicuous notwithsta-nding the 
advanced hour. Females may be detected hove,ring in a some- 
what similar manner, but are not conspic.uous like the male, 
their colour being ol.)Scnre ; while so hovcuung th(*y are oviposit- 
ing,’ dropping the eggs amongst tlie grass. Fcrmaltrs that • have 
not been fertilised move vtrry difftmmtly iind (la,sh about in 
an erratic manner till tlnry see a mahr ; they apparcmtly have 
no better means of informing the hovering mahr of tlaur presence 
than by bumug near, or colliding with liim. Imimuliahdy this 
is done, tlie male aliamlons his }iov(u*iiig, and coujJing occurs. 
There can he little doubt that the (iolour of tinr male attracts 
the female; l)ut there is a variety, hel/dfrjullny, of the former 
sex coloured much like the femah*, and in Bomtj localities 
varieties of this sort are very prevahmt, tlioiigli in others the 
species is quite constant. This va-riati(m in th(‘, c(»lour of the 
males is very great in Shetland," some Ixdiig (piite like' the 
females. In IL hedus the two sexes are inconspicuiouHly and 
similarly coloured. The male hoviU's in tin*, aftcumoon or evening 
in a protected spot, and while doing so diiluses an agreealile 
odour — said by Barrett to be like piiui-a}>][)le~“-aaHl ibis brings 
the female to him; much in the same mauncu' as the colour 
of IL humuli brings its female. TIui hind h*gH of the male 

1 Ent. May. xiii. 1870, p. 63 ; and xxiii. IHHO, p. 104. 

- Weir, Entomoloyist, xiii. 1880, p. 249, plate ; Kin^, Eni. Record^ vii. 1895, 

p. 111. 



VI 


IIETEROCERA — IIEPIALIDAE 


399 


are, swollen, being filled with glands for secreting tlie 
odorous rnatterd This structure has led to the suggestion of 
the generic name Plhymato 2 ms for the Insect. Turning to 
other species of the genus, we find that the normal rela.- 
tive roles of the sexes are exhibited, but with considerable 
diversity in the species. In H, lupulimis the males fiy about 
with rapidity, while the female sits on a stem and vilirates 
her wings ; she thus attracts the males, but they do not 
perceive her unless happening to come within three or four 
feet, when they become aware of her proximity, search for and 
find her. It is doubtful whether the attraction is in this cas(3 
the result of an odour ; it would appear more pr’obable that it 
may be sound, or that the vibration of the wings may be felt by 
the male. 

In II. sylvinus, 11. velleda and H. p)yT^'^ciicus less abnormal 
modes of attracting the males occur, the individuals of this latter 
sex assembling in great numbers at a spot where there is a female. 
In the first of the three species mentioned the female sits in tlie 
twiliglit on the stem of some plant and vibrates tlie wings with 
rapidity ; she does not fly ; indeed, according to Mr. Eobson, she 
does not till after fertilisation move from the sp)ot where she 
emerged. In H, pyrenaicMS the female is quite apterous, but is 
very attractive to the males, which as we have said, assemble 
in large numbers near her. Thus within the limits of these 
few allied forms we find radically different relations of the 
sexes. 

1. The male attracts the female — (A) by sight {IL humuli ) ; 

(E) hy odour {11 hectus). 

2. The female attracts the male — (A) by vibration of wings 

(IL Iwpulinus and II sylvinus ) ; (B) without vibration, 
but by some means acting at a distance (II velleda, 
IL 2')yTe%aicus). 

Little or nothing is known as to the habits of the great 
majority of the more remarkable forms of the family. The 
gigantic Australian forms are believed to be scarcely ever seen on 
the wing. 

The Hepialidae differ from other Lepidoptera . by very im- 
portant anatomical characters. The absence of most of the 

BertTcau, SJB. Ver. Rheinland, xxxvi. 1879, p. 288 ; and ^rch. Naturg. 
xlviji. i. 1882, p. 362. 


400 


LEPIDOPTERA 


cnAi*. 


mouth-parts is a character common to them and several otluvr 
divisions of Lepidoptera; but the labial palpi are peculia-rly 
formed in this family, being short and the greater portion oi' 
their length consisting of an undivided base, whidi probably 
represents some part of the labium that is membranous in 
normal Lepidoptera. The thoracic segments are remarkaJdy 
simple, the three differing less from one another than usiiaJ, and 
both meso- and ineta-notum being much less infolded and ('o- 
ordinated. The wings are remarkable for the similarity ol tin*, 
nervuration of the front and hind wings, and by the cell lx dug 
divided by longitudinal nervules so as to form three or four 
cells. On the inner margin of the front wing there is near 
the base an incision marking off a small prominent lobe, tln‘. 
jugum of Prof. Comstock. Brandt mentions the following 
anatomical peculiarities,^ viz. the anterior part of th(3 a]imcnta.ry 
canal is comparatively simple ; the respiratory system is in some 
points like that of the larva ; the heart is composed of eight 
chambers ; the appendicular glands of the female genitalia are. 
wanting. The testes remain separate organs tliroughoiit lift*.. 
The chain of nerve ganglia consists of the supra- and infra- 
oesophageal, three thoracic, and five abdominal, ganglia, while 
other Lepidoptera have four abdominal. 

Pam. 24. Callidulidae. — A small family of light - ]jo(li(‘d 
diurnal moths having a great resemblance to butterflies. In 
some the frenulum is present in a very rudimentary condition, 
and ill others it is apparently absent. CleosiHs and IHennlmta are 
very like butterflies of the Lycaenid genus Theda, Although 
fifty species and seven or eight genera are known, we are quite 
ignorant of the metamorphoses. Most of the species are found 
in the islands of the Malay Archipelago, but there are a few in 
East India. 

Pam. 25. Drepanidae (or Drepanulidae). {Eook-tips).—TM 
larger moths of this family are of moderate size; many of 
the species have the apex of the front wing pointed or even 
hooked; some have very much the appearance of Geometrid 
moths; they resemble very different members of that ftimily. 
Oreta hyaloMsca is remarkable on account of the veiy large, 
transparent patch on each front wing, though the other species 
of the genus have nothing of the sort. In the genus Beroca we 
1 Zool Anz. Hi. 1880, p. 186. 
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find Insects with the scales imperfect, they being few and small 
and approximating in form to hairs; in D. hyalin a scales are 
nea,rly entirely absent. In other genera, e.g. FerUlTe'][)am.a, Btreg)- 
tA) 2 )eTas, there is oidy a very inferior state of scale - formation. 
Tlie few larvae that are known are peculiar ; they are nearly 
ba,re of liair, without the pair of terminal claspers, while tlie 
body is terminated by a long tubular process. They form a 
slight cocoon among leaves. 

The members of the family were formerly much misunder- 
stood, a, lid were assigned to various j)Ositions in the Order. 
There are now about 30 genera, and 150 species known, tlie 
geographical distribution of the family being very wide. In 
Britain we have half a dozen species. Cilix glaucata (better 
known as G. sinnvla) is said “ to undoubtedly imitate '' the 
excrement of birds. No doubt the Insect resembles that sub- 
stance so as to be readily mistaken for it. This Insect has a 
very wide distribution in North America, Eurojje and East 
India, and is said to vary so much in the structure of its organs 
as to justify us in saying that the one species belongs to two or 
three genera. 

Fam. 26. Limacodidae (or Eucleidae). — Thfee are some- 
what small moths, of stout formation, sometimes very short in 
tlie Ixidy, and with rather small wing -area. The family 
includes liowever at present many Insects of diverse appearance ; 
there are numerous foriiis in which 
a})])le-green is a prominent colour; 
some liear a, certain resemblance 
to tlie Swifts, others to Noctuids ; 
mim,li(mma and StaetheTi7iia,n.xe of 
extmordiiiarj?^ shapes ; certain very 
small forms, Gdvara, Ceratonema, 
resemlile Tortricids or Tineids ; a 
few even remind one of Insects of 199.~-Mature larva of 
other Orders ; 'so that the group is 

a mimetic one. Nagoda nigricans (Ceylon) has the male some- 
what like a Psychid, while the female has a different system of 
coloration and wing-form. In Scojpelodes the palpi are in both 
sexes remarkable ; elongated, stiff, directed upwards and brush- 
like at the tip. Altogether there are about 100 genera and 
400 species known; the distribution of the family is very wide 
VOL. VI 2 0 
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ill both hemispheres, but these Insects do not occur in iiisiihir 
faunas. In ‘Britain we have two genera, aaid Apoda 

(better known as Limacodes ^), each with a single species. 

The early stages of tliese Insects are of great interest. The 
eggs, so far as known, are peculiar fiat oval scales, of irregular 
outline and traiisx3arent ; we have figured an example in Vol. V. 
Fig. 83. The eggs of the same moth are said to vary much 
in size, though the larvae that emerge from them dil'fer little 

from one another in this respect. The 
latter are peculiar, inasmuch a,s they 
have no abdominal feet, and the 
thoracic legs are hut small ; hence the 
caterpillars move in an imp)erce])tible 
gliding manner that lias suggested for 
some of them the name of sing-worms. 
The metamorphoses of a few are 
known. They may be arra,ngcd in 
two groups ; one in which the larva 
is spinose or armed with a. scries of 
projections and ajipendages persisting 
throughout life ; wliile in, the meml)ers 
of the second group the spines have 
only a temporary existence. At t/he 
moment the young larva of Ainnla 
testudo emerges from tlic egg it 
conspicuous spines or lu-oc-eHses, 
of larva ;B, c, D, a spine in and is ail extremely soft, colourless 

displays a remarkalile system of com- 
plex spines. These really exist in the larva - w'hen it is 
hatched, and are thrust out from pits, as exphiined by 
Dr. Chapman. In the succeeding stages, the spines liecome 
modified in form, and the colour of the body and the nature of 

^ It is much to be regretted that, as in so many other Lepidopteni, no satis- 
factory agi-eement as to names has been attained ; our British A. tesiudo is 
variously styled Limacodes testudo (by Chapman and most naturalists), Jjmia 
Iwiacodes (by Meyrick), or Apoda mellana (Kirby, Qataloym of Moths). The 
family is called either Limacodidae, Apodidae, Cochlioj)odidac, or Heterogoruddae. 

2 See Chapman, Tr. enL Soc. London, 1894, p. 345, Plate VIL, for our British 
• species ; for KTorth American forms, Dyar, LifcMstories of the New York Slug-cater- 
pillars (in progress, with numerous plates), J. New York ent. Soc. Hi. etc. /l 895. 
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the integument are miicli cliaiiged, so that in the adult 
larva (Fig. 199 ) the spines have subsided into the condition 
of mere different in colour from the rest of 

tlie surface. These larvae ax:)pear to be destitute of a head, 
hut there really exists a large one which is retracted, except 
during feeding, into the body; tlie five f>turs of abdominal feet of 
tlie larvae of allied families are rex)laced by sucker-like structures 
on tlie first eight abdominal segments. The spinneret of the 
mouth is not a pointed tubular organ, but is fish-tailed in shajie, 
and hence disposes the silky matter, that aids the larva in mov- 
ing on the lea,ves, in the form of a ribbon instead of that of a 
tliread. It lias Ijeen stated that these x>eculiar larvae “ imitate '' 
the coloured galls frequently found on the leaves of trees. The 
FTorth American forms of this family have very varied and most 
extraordinary larvae.^ In the jiretty and conspicuous larva of 
Ilrripretia stiirmha, the tubercles or processes of tlie body are, in 
the later stages, armed with hairs, that contain a j)oisonous or 
irritating fluid, said to be secreted by glands at the bases of the 
jirocesses. These hairs are readily detached and enter the skin 
of persons handling the caterpillars. The larva of the North 
American Hag-moth, TliobeAron jpitliecium, is a curious object, 
bearing long, flesliy appendages covered with down. Hubliard 
.makes the following statement as to the instincts of this larva : ^ — 
'' The hag-motli larvae do not seek to hide away their cocoons, 
but attach them to leaves and twigs fully exposed to view, with, 
however, such artful management as to surroundings and har- 
monising colours that they are of all the grouj) the most difficult 
to discover. A device to wliich this Insect frequently resorts 
exhibits the extreme of instinctive sagacity. If the caterpillar 
cannot find at hand a suitable lAnce in which to weave its 
cocoon, it frequently makes for itself more satisfactory surround- 
ings by killing tlie leaves, upon which, after they have become 
dry and brown in colour, it jdaces its cocoon. Several of these 
caterpillars unite together, and selecting a long and vigorous 
immature shoot or leader of the orange tree^ they .kill it by 
cutting into its base until it wilts and bends over. The 
leaves of a young shoot in drying turn a light tan-color,- which 

^ See Packard, P. Amer. Phil. Soc. xxxi. 1893, pp. 83, 108, Plates. (He uses 
the term Cochliopodidac instead of Limacodidae) ; also Dyar, as above. 

Insects affecting the OrangCy Washington, 1885, p. 143. * 


404 


LEPIDOPTERA 


CIIAI*. 


harmoiiises most perfectly with the liaiiy locks of the catorpinai’ 
covering tlie cocoon. The latter is, coiLse(pieiilly, not cnsily 
detected, even when placed upon the exposed and u[duriuj(i 
surface of the leaf.'’ 

The cocoons of Limacodidae are niiiisually ela])()r(i,te, the 
larva forming a perfect lid in order to permit itself to escape 
when a moth. Chapman states that the larva lies uucliaiigcd 
in the cocoon all winter, inoiiltiiig to a pupa in the s])riiig, and 
that the pupa escapes from the cocoon previous to the eiiicii'gciiice 
of the luothd Toth Chapman and Packard look on the liunily 
as really nearer to Mierolepidoptera than to Bomhyces ; Mcynd’k 
(calling it Heteiogeneidae) places it at the end of his series 
Psychina next Zygaeniclae. 

Wq may allude here to the little motlis, descrihed hy Wttsl- 
wood under the name of that liiivc the cxtraoi •dina ry 

hahit of living on the bodies of live Honioptcu’ous Insects of tlic 
family Fiilgoridae in India. What their iiutrimout may lx; is 
not known. The larva exudes a white flocculcnt matUU;, which 
becomes a considerahle mass, in the midst of wliich the? caterpillar 
changes to a papa. Westwood placed the Insect in Ai;otii<lue ; 
Sir George Hampson suggests it maybe a Limacodid, and tl lis 
appears probable. 

Fam. 27. Megalopygidae (or Lagoidae).- -The. Anioidcan 
genera, Megedop^ge and Lcogoa, are treated by Perg und hy 
Packard^ as a distinct family intermediate between KSafurniidac 
and limacodidae. The larva is said I)y the latter autliority to 

have seven pairs of abdominal feet instead of five pairs - the 

usual number in Lepidoptera. When young thii cat(upi liars of 
laejoa Qp)m%lciTi% are white and resemble a tlock of cotton wool 
When full grown the larva presents the singular a|)p(jant!K.^(} of 
a lock of hair, moving in a gliding, slng-like manner. Under 
the long silky, hair there are sliort, stiff, poison- hu. ins. The 
larva forms a cocoon, fitted with a hinged trap)-(hjor for the 
escape of the future .inoth. This curious larva is destroyed hy 
both Dipterous and Hymenopterous parasites. 

Fam. 28. Tlyrididae.— A small family of l^yraloid moths, 
exhibiting considerable variety of form and colour, freiiucntly 
with hyaline patches on the wings. Tliey arc mostly Biuall 

^ Tr. ent. Sue. Loiidon, 1894, p. 348. ^ p. 522 ; and 1877, p. 438, 

^ P. Amer. Mil. Soc. xx.vii. 1894, p. 275. 
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Insects, anti contain no very striking forms. Some of tliem 
look like Qeonietricls of various groups. The family is widely 
distributed in the tropical zone, and includes 25 genera, of 
which Phlbodo'muTci, with upwards of 100 species, is tlie chief 
one. The larvae are said to he similar to those of Pyralidac. 
Tills family is considered by Hainpson and Meyrick to be 
ancestral to butterflies.^ 

Fam. 29. Lasiocampidae {Eggers, Lcviygiet-motliP). — irsually 
large Insects densely covered witli scales, without frtinulum, 
but with tlie costal area of the land wing largely developed, 
and the male antennae beautifully pectinate, Lasiocainpids a, re 
easily recognised. They are well known in Britain, though we 
have l)iit few species. The flight of some of the species is 
powerful, but ill-directed, and the males especially, dash about 
as if their flight were (piite 
undirected ; as indeed it 
probaldy is. Tlie differ- 
ence in the flight of the 
two sexes is greah in some 
species. In the genus 
Euana and its allies we meet 
with moths in whicli the 
difference in size of the 
two sexes is extreme ; the 
malcjS may lie but inches across the wings, while the very 
heavy females may liave three times as great an expanse. Kirliy 
separates these Insects to form the family Pinaridae ; it in- 
cludes the Madagascar silkworm, Borocera mmlagascMrimisis. 
Tlie African genus IRlhrides is remarkahle for the wings being 
destitute of scales, and consequently transparent, and for being of 
very slender form like a butterfly. The eggs of Lasiocampidae 
are smooth, in certain cases spotted in an irregular manner like 
birds' eggs. 8omc3tiTries the parent covers them with hair. 
The larva-e are clothed with a soft, woolly hair, as well as with a 
sliorter and stiffer kind, neither beautifully arranged nor liiglily 
coloured, and thus differing from the caterpillars of Lyman- 
triidae ; this hair in some cases has very irritating pro- 
perties. Cocoons of a close and compact nature are formed, and 

hairs from the body are frequently mixed with the cocoon. In 
^ ReviBion of tlie Thyridi<lac ; Hainpson, P. Zool. Zoc. London, 1897, p. 603. 
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some species the walls of the cocoons have a, finu <i'])pear- 
ance, looking very like egg-shell — a fact which is sii])posed to 
have given rise to tlie name of Eggers. Jh*ofcssors roultoii 
and Meldola have informed us that this a,p] )ea,ra,nce is produced 
by spreading calciiiiii oxalate on a slight fnimework of silk, 
the substance in question being a product of the Malpiglvian 
tubes.^ In various femiilies of Lepidopt<ira, it luippens that 
occasionally the pupa exists longer than usual Ixifore the a,ppear- 
ance of the perfect Insect, and in certain n]enil>ers of tliis fa.niily 
— notoriously in Poecilocfmfa j^opuli, the Dccenihtu- moth — this 
interval may be prolonged for several yea-rs. "fhcni is iiot at 
present any explanation of this fact. It may ])(i of int(n*est to 
mention the following case: — Eroin a l)atcli of al)out 100 eggs 
deposited by one moth, in the year 1891 (the Ihiss-Motli of the 
family Notodontidae), some sixty or seventy cocoons W(‘,re obtained, 
the feeding up of all the larvae having hcuiii elfected witliin 
fourteen days of one anotlier; hmrteen of the Inscuds emerged 
as moths in 1892; about the same number in 1(S98 ; in 1894, 
twenty-five; and in 1895, eleven emerged. Lasioca,mpidae is a 
large family, consisting of some 100 genera a.nd 500 or more 
species, and is widely distributed. It is unfortunately styled 
Bombycidae by some naturalists. 

Fam. 30. Endromidae. — Tlie “Kentish glor}',” Endromis 
versicolor, forms this family; it is a large and strong moth, and 
flies wildly in the daytime in bmeh-woods. Ihie larva has but 
few hairs, and is said when young to assume a- pecailiar position, 
similar to that of saw-fly larvae, by bending tlie liead and thorax 
backwards over the rest of the body. 

Fam. 31. Pterothysanidae. — -Consists of tlie eurimrs East 
Indian genus Fterothysanus, in which the inner margins of the 
hind wings are fringed with long hairs. ''Iliey a.re moths of 
slender build, with large wing-expanse, Ijhudc and white in colour, 
like Geometrids. There is no frenulum. Metainoi-phoseH un- 
known. 

Fam. 32. Lymantriidae. — (Better known as Liparidae). 

These are mostly small or moderate-sized mollis, without brilliant' 
colours; white, black, grey and brown being jiredominant ; with 
highly-developed, pectinated antennae in the male. Tlie larva 
is very hairy, and usually bears tufts or bi-iishes of sliurter liairs, 
^ P. mi. Sue. London, 1891, p. xv. 
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together with others much longer and softer, these Ixving some- 
times also amalgamated to form ])encils ; the eolorjitiou of these 
hirvae is in many cases very (ionspicuous, the tufts a,iid jxviH'ils 
l)eing of vivid and strongly contrast(ul colours. Sonu*, of’ tiu'.so 
liairy larvae a, re poisonous. A cocoon, in whi<*h mucJi ha.ir is 
mixed, is formed. The ])U])ae ar<^ renia,rkaJ)le, inasniiU'Ji a,s they 
too are free {uently hairy, a very unusua,!. condition in 1 AV})ido])t(U'a.. 
The Lymantriidae is one of the largest famili(‘.s of the old group 
Bombyces ; it inelndes some 180 gcmcra, a.nd 800 sp(H'.i(^s, ami is 
largely represented in Australia. ])a,syclhir(t found in the 

Arctic regions. In Britain we liave eight gancAu }'(v])res(mted l)y 
eleven species; the ( Jold-tails, Brown-tails a,nd Vapourer-moths 
l)eingour comnujiiest Bojubyces, and the latter Ixing sjxic.ially fond 
of the London s(piares and gardens, when ^ its beautiful larva may 
be observed on the leava;s of roses. • Most of tin*. Lymahtriida(‘, a-re 
nocturnal, Init tlic nuile Vapouriu-motli ilii^s in the daytiimc In 
this family there are various s])cc,i(‘s whos(*, femah^s Imve the 
wings small aaid unfit for flight, the Ins(‘cts Ixung V(uy sluggish, 
and tlieir l)odies very h(*avy. This is tlu^ staB*. of th(‘- femah*, of' 
tlu^ VapoiUHU-nioth. IdK‘, mah^s in th(^s(i cases are gemira-lly r(‘,- 
markaidy active, and veuy rapid on tlui wing. 

Some of these moths increase in numlxu’s to an (uiormous 
extent, and connnit grem-t ravages. the Js[ u 

dit‘, Nonne of the Germans, f— is oihj of th(‘. ])rinc/i])al trouhhis of 
the conservators of foi'ests in Germany, and grt^ai sums of nioiuy 
are ex])endcd in combating it; all sorts of imuins for rejn’e.ssing 
it, including its infection ))y fungi, have l)e(m tritui in va-in. ^rinp 
caterpillars are, however, v<uy suhjijcd to a fungoid dis(ias(i, com- 
municatefl hy natural means. It is Ixdiewcxl, too, tha,t its con- 
tinuance in any locality is checkcid afitu’ a tinu^ ]y a (diaaigci 
in the ra,tio of tlie two stixes. It is not a prolific, motli,- for it 
lays only about 100 eggs, hut it has htuiii shown that after 
making allowance for tlie numen)us individuals dtjstroye.d l)y 
various enemies, the pnjducB of oiui motli amounts in live gcuiera- 
tions to between four and five million individuals. The larva 
feeds on Coni ferae, and on many leafy trees and shrubs. Tlui young 

^ Thin moth ih known undor sevend gcnnTie iiaimn - Pst luni^ fApmHs, Oeneria^ 
Lynuintria; thore is now a vexy e.'ctcii.Hivo Utc<ratnro oonnocaod with it. A good 
general account by Whwditl may be found in PFien, ml, ZsU. x. 1891, p|). 149-1 BO, 

2 Plates. 
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larva is provided with two sets of setae, one set consisting of vt^ry 
long hairs, the other of setae radiating from warts ; each one of this 
second set of spines has a small bladder in the noddle, and it lias 
been suggested that these assist in the dissemination of the yoiiiig 
caterpillars by atmospheric meansd These aerostatic setae (exist 
only in the young larva. The markings of the moth a/re very 
variable; melanism is very common both in the larva and imago ; 
it has been shown conclusively that these variations a,r(‘. not 
connected, as black larvae do not give a larger proportion of Minvk 
moths than light-coloured caterpillars do. In Thigla.nd this 
moth is never injurious. A closely allied form, Oc/nerut diH'par, 
was introduced by an accident into hTorth Anun'ka from J^juro])c*, 
about thirty years ago; for twenty years after its introdiu'tion it 
did no harm, and attracted but little attention ; it has, liowever, 
now increased so much in certain districts tliat la,rgc3 sums of 
money have been expended in attempting its extirpation. 

Basyclhira ^uclibunclct has occasionally increased ]o(?.ally to an 
enormous extent, but in the limited forests of Alsace th(3 (3vil was 
cured by the fact that the caterpillars, liaving eaten ii]) all tluj 
foliage, then died of starvation.^ Team melanosiietit is said to 
produce columns of processionary caterpillars in Australia. 

Fam. 33. Hypsidae (or Aganaidae). — A family of compara- 
tively small extent, confined to the tropical and su]>-tropi(.'.al 
regions of the Eastern hemisphere. The colours are ir(M|U(intly 
buff and grey, with white streaks on the outer parts of tht3 wings. 
We have nothing very like them in the European fauna., our 
species of Spilosoma are perhaps the nearest a})proa(di. In 
Euijlocia the male has a pouch that can be unfolded in front of 
the costa at the base of the anterior wing; it is filled witli very 
long, peculiar, hair-like scales growing from the costal margin ; 
both sexes have on each side of the second abdominal scigmeiit 
a small, projecting structure that may be a sense-organ. The 
female is more gaily coloured than the male. 

Fam. 34. Arctiidae. — With the addition rc-^cently made to 
it of the formerly separate family Lithosiidae, Arctiidae has 
become the most extensive family of the old Bombyciid siiries of 
moths, comprising something like 500 genera and 3000 species. 
Hampson recognises four sub-families — Arctiiiiae, Lithosiinae, 

^ Waclitl and Kornauth, Mitt, forst. VersuGliswesen Osterrcicks, Heft xvi. 189*). 

^ Craliay, Anoi. Soc. ent. Behjique, xxxvii. 1893, p. 282. 
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Noliiiae, Is’jcteolinae, — to which may be added others from 
America, — Pericopiriae, Dioptiiiae, Ctenuchiiiae; these sul.)-families 
Ijciiig trea,ted a,s families by various authors. The sub-family 
Arctiiiiae includes our Tiger- and Ermine -moths, and a great 
many exotic forms of very diverse colours and patterns ; the 
species of this division are, on the whole, probably more variable 
ill colour and ma,rkings than in any other group of Lepidoptera. 
There a, re many cases of great difference of the sexes; in the 
Soutli American genus Amhryllis the male is remarkable for its 
hyaline wings witli a few spots; while the female is densely 
scaled, and very variegate in colour. There are some cases (the 
South European genus Ocnogyna') where the female is wingless 
and moves hut little, wliile tlie male Hies with great rapidity. 
Epimusis of the most remarkalde 

of moths, is placed in this division of Arctiidae ; it is of a tawny 
colour, variegate with lilack ; the abdomen of this latter colour 
is terminated by a large tuft of long scarlet hairs; the Insect 
has soihewlia-t the a,ppearance of a Hummingbird -hawkmoth. 
Eiyi)ant]ie/n(i is a,n extensive genus of tropical American moths 
(having one or two species in Horth America), of black and 
white or grey colours, witli very complex markings ; tlie male in 
some species ha,s a part of the hind wing produced as a tail, or 
lolje, of a different colour. 

The snl-)-i:amily l^ericopinae are almost peculiar to Soutli 
America (two species of (hh()j)hada exist in North America) ; 
some of this siili-family bear a great resemblance to Heliconiid 
butterflies. 

The I)io])tinae are likewise American moths of diurnal habits, 
and nniny of them bear a striking resemblance to tlie Ithomiid 
butterflies they associate with when alive. 

The sul)-lumily Lithosiinae is of great exte'nt ; our native 
“ Footmen '' give a very good idea of it ; the moths are generally 
of light structure, with long, narrow front wings ; a simple system 
of yellow and black colour is of frequent occurrence. Many of 
tins group feed in the larval state 011 lichens. Hainpson includes 
in this group tlie Nyctenieridae — light-hodied diurnal moths, 
almost exclusively of black and white colours, of Geometrid 
form, frequently treated as a distinct family. 

The sul)-family Nolinae is a small group of rather insignificant 
Insects, in appearance like Pyralids or Geometrids ; four or five 
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Species are native in Britain. Packard inaiiitains tla. I.unil} 
ISTolidae as distinct.^ 

The sub-family JSTycteolinae consists of a few sinall iiiotlis ilia, 
position of which .has always been imcertaiii ; (lKd.tcr 

known as Sarrotlirij^us), Halias, Ecmas are all Liitisli 
that have been placed amongst Tortrices, to which tlu^y bear a 
considerable resemblance. SarrothTifus is at present jdaeed Ijv 
H ampson in ISToctuidae, by others in Lithosiidae, hy M(yri('k iii 
Arctiidae. The sub-family forms the family (Jyinl)i(la(^ ot Kiri)} , 
it includes at present only about 70 species, all ])el()iiging to th(‘. 
Eastern hemisphere. Two types of larvae are known in it : oni^ 
bare, living exposed on leaves ; the otlier, EaTKtHj haiiy, living 
among rolled-up leaves. Hcdias jprasincma is known Ironi tluj 
testimony of numerous auditors to produce a sound when t)ii th(‘- 
wing, but the ifriodus operandi has not lieen satisfactorily {Lscmu- 
tained. Sound-production seems to be of more Irecpient odnuTmu'e 
in Arctiidae than it is in any other family of ije])idopt(*rji ; 
Eionyclioints niveiis produces a sound by, it is believc.d, iiictiou 
of the wings. In the case of the genera Setina and Ohdonui 
the process is said to be peculiar to the male sex : Lal)onlh(‘ne 
believes it to proceed from drum-like vesicles situate one on eueii 
side of the base of the inetathorax.^ 

Fam. 35. Agaristidae. — An interesting asseird)lag(‘. of moths, 
many of them diurnal and of vivid colours, otliers crepuHcuhir. 
There is considerable variety of appearance in tlic family, although 
it is but a small one, and many of its members remind one <d‘ 
other and widely separated families of Lepidoptera. The styhj 
and colour of the Japanese Eusemia villicoides are remarkaJ>ly 
like our Arctia mllica. In some forms the antennae a<ro some- 
what thickened towards the tip and hooked, like those of the 
Skipper butterflies. • The family consists atja’csent of al)out 250 
species, but we douht its being a sufiRciently natural one. It is 
very widely distributed, with the exception that it is quit(i absent 
from Europe and the neighbourhood of the Mediterranean Bea. 
In North America it is well represented. The larvae, so far as 
known, are not very remarkable ; they have some lateral tufts of 
hair, as well as longer hairs scattered over the body. 

^ Athct. Natural xxix. 1895, p. 801. 

- Catalogue of Lepidoptera licterocera, i. 1892. 

^ Ann. Soe. ent. France (4), iv. 1864, p. 689. 
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The male of the liidiaii Aegoce^xt triintrliUi ha,s l) 00 ii iiotiocid 
to produce a clicking sound when Hying, and Sir (1. lIjMiipsoii lia.s 
shown ^ that there is a peculiar structure on tlie aaiterior wing; 
he considers that this is rubbed against some spines on tlie (rout 
feet, and that the sound is produced 1)/ the IViction. dhough 
this structure is wanting in the acknowledged c.ongcniers of 
A. tripwrtitetj yet it occurs in a very similar form in the gemus 
Secatesia, already noticed under Castiiiidae. 

Fam. 36. Geometridae {Ga/ryat^, ^/c.)~This very 

extensive family consists of fragile motlis, only a, simdl niindxir 
being moderately stout forms; they have a large wiiig-JiiH'.a ; 
the antennae are frequently highly developiul in the iiiaJcs, 
but on this point there is much diversity. Either the rrenuhim 
or the proboscis is absent in a few cases. The enter] )i 11a, rs n,re 

elongate and slender, with only one pair of abdomiiuil hudr 

placed on the ninth segment — in addition to the a,na,l ])air, or 
claspers. They progress by moving these two ])airs of feed; u]) t/O 
the thoracic legs, so that the body is thrown into a, large loo]),a.nd 
they are hence called hoopers or Geometers. Tlic in,,! oily is uni- 
versally distiibuted, and occurs even in reinoto islands a,n(l high 
latitudes ; in Britain we have about 270 species. The fa,inily was 
formerly considered to he closely connected with Noctiiida,c, but a,t 
present the opinion that it has more intiniatc rehitions with tlio 
families we have previously considered is prevalent. Ba.cvka.rd 
considers it near to Lithosiidae, while Meyrick merely ])la,ces th(‘< 
six families, of which he treats it as composed, in his series Nol/O- 
dontina. Hampson adopts Meyriclds six familix^s as sul)-ra.niili( 5 H, 
hut gives them different names, being in this res]>(‘.ct more con- 
servative than Meyrick, whose recent revision of the Kiiroptuiu 
forms resulted in drastic changes in nomeu<dafure.“ This 
classification is based almost exclusively on wiiig-nervuration. 
The iiumher of larval legs and the consequent mode of walking 
is one of the most constant characters of the group ; tli<^ few 
exceptions that have been detected are therefore of interx^sf,. 
AmBox)t6Tyx aescularia has a ^mir of uiulevelo])ed feet on the eiglrth 
segment, and, according to Meyrick, its allies '' sometimes show 
rudiments of the otlier two pairs.” The larva of Ilivwm 

^ F. Zool. Zoc. London^ 1892, p. 188. 

2 Tr. e%L Zoc, London, 1892, pp. 58-140 ; for critioiHm on tlic. uotuciKdalun*, 
see Rebel, Ent. Zeit. Stettin, liii. 1892, p. 247. 
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pennaria is said to have in early life pair of iniperfcHd foot on 
the eighth segment, which disappear as the hirva a,pproa(,'he.s 
maturity. 

The position of the abdominal feet and cla,s])ers tlirows the 
holding power of the larva to the posterior ])art of tin' 1 ) 0 { 1 \\ 
instead of to the middle, as in other cater] )i 11a, rs. This, corii- 
bined with the elongate form, causes tliese la,rvae when I’O] losing 
to assume attitudes more or less different from those of otlno’ 
larvae ; holding on by the claspers, some of these Insec'ts allow all 
the anterior parts of the body to project in a, t\vig-lik(^ nniiiner. 
The front parts are not, however, really fine in such (*,a,s(‘s, Init 
are supported by a thread of silk extending from the mouth 
to some point near-by. Another plan a.do])ted is to ])ro]) tlui 
^ front ])a,rt of tln^ liodj 

. aga,inst a, twig jilaxa^d 
at right anghis to the 
I supporting l(‘af, so that 

j^- I the ca-kupillar is in a 

I diagonal limi hotwcMUi 

/m 2i)2). 

[|i Otlu*.!’ (le.onjeku's assume, 

Aw i ;'l peculia,!' (a died nr sj^iral 

^ I attitudes during a whole 

Aw ■' I l>f>i’tion of their 

Jw I lives; sonn*. doing thin 

y || on a, sii|)j)or{,ing obj(‘et 

PW I I -—leaf or twig wiiibs 

|L others hang down 

{^hjphynt ‘prinhihfria), 

1^1 Certain of the. larvae of 

I I (h*omet>ridae vary in 

I .1 colour, from shades (jf 

„ ^ hrown to green ; t.lnu’ts 

Fig. 202. — ’Lnxvo. Qi\\m2)hidasiH heiularia, i. * o 

on a rose-tvvig. xL Cainbridg;. PS in UC,h dlVl'fSlty HI 

this variation. In sonns 

species it is simple variation; in otluins it is (liinorphi.stn, 
le. the larvae are either hrown or green. In oilier ease.H tlie 
larvae are at first variable, subsequently diinorphie. In Antjihl- 
it would appear that when the lerva is halvlied 
the dimorphism i.s potential, and that tlie future eolour, %\hcther 


vr 


GEOMETRIDAE 


413 


green or brown, is settled by some determining condition during' 
the first period of Larval life and cannot be siibsecpieutly modi lied. ‘ 
According to Poulton, the dark tint is due in A, letularia to 
colouring matter in the skin or immediately l)elow it, and the 
green tint to a layer of fat between the hypodennis and the 
superficial muscles ; ' tliis layer being always green, but more 
])rightly green in the larvae that are of this colour externally. 
Much discussion lias occurred about tliese larval attitudes <and 
colours, and it seems probable that Professor Poult(.)n has over- 
rated the value of protection from birds, mammals and ento- 
mologists ; the chief destroying agents being other than these, 
and not liable to be thus deceived, even if the vertebrates are. 
In some cases such resemblance as undoubtedly exists is not 
made the best use of. The larva shown in figure 202 bore 
a wonderful resemblance, when examined, to the rose-twigs it 
lived on, l)ut the effect of this as a concealing agent was entirely 
destroyed by tlie attitude ; for this, being on different lines to 
those of the plant, attracted the eye at once. This larva, and we 
may add numerous other larvae, could have been perfectly con- 
cealed by adopting a different attitude, but never did so ; the 
position represented being constantly maintained except while 
feeding. . 

In some species of tliis family the adult females are witliout 
wings, or have them so small that tliey can be of no use for 
flight. This curious condition occurs in various and widely- 
separated groups of the Geometridae ; and it would be naturally 
'supposed to have a great effect on the economy of the species 
exhilriting it, hut this is not the case. Some of the ilightless 
females affect the highest trees and, it is believed, ascend to their 
very summits to oviposit. It has been suggested that they are 
carried up by the winged males, but this is probably only an 
exceptional occurrence ; while, as they are known to be capable 
of ascending with rapidity l)y means of crawling and running, 
it may be taken for granted tliat this is the usual method with 
them. Some of these wingless females have been found in 
numbers on gas-lamps, and are believed to have been attracted 
by the light, as is the case with very many of the winged forins.^ 

See Ptmlton, Tr. ent. Soc. London, 1884, p. 51 ; op. cit. 1892, p. 293 ; and 
Bateson, p. 213; Gonld, p. 215. 

Giraiid, Ann. Sue. ent. France (4), v. 1865, p. 105 ; Fauvel, l.c. Bull. p. liii. 
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ISTeither is the geographical clistrihution limited hy tliis iuicrior 
condition of the most important of the organs of locomotion, for 
Gheimatohia Imimata (the Winter-moth) one of the species with 
flightless female, is a common and widely distributed Insect in 
Europe and North America. 

Although the classiflcation of this family is based almost 
entirely on wing-nervuration, yet there are some divisions of the 
Geometridae in which this character is remarkaljly varialjle, 
certain individuals frequently exhibiting consideralde alnior- 
mality.^ Amphidasis hefMlarm is believed to have changed its 
variation considei*ahly in the course of the last fifty years. Pre- 
■ vious to that time a black variety of the species was unknown, 
but it has now become common ; and it is believed that other 
species of Geometridae are in process of exhibiting a similar 
phenomenon.^ 

Fam. 37. Noctuidae {Owlet -Moths, Eulen of the Germans). 
— This very extensive assemblage consists of motlis rarely seen 
in the day-time, of generally sombre colours, with antennae desti- 
tute of remarkable developments in the male (except in a small 
number of forms) ; proboscis and frenulum both present ; a com- 
plex sense-organ on each side of the body at the junction of th(‘. 
metathorax and abdomen. The number of species already known 
can scarcely be less than 8000 ; owing to their larger. niiml)ers 
and the great general resemblance of the forms, their classifica- 
tion is a matter of considerable difficulty. Although tlie peculiar 
structure at the base of the thorax was long sincti pointed out, 
it has never received any thorough investigation. Few otluu* 
remarkable structures have yet been discovered: the most in- 
teresting is perhaps the peculiarity in the hind wings of the 
males of certain Ommatophorinae recently pointed out hy Sir 
G. F. Hampson : in the genera Fatwla and Argiva the form of 
the hind wings is normal in the females, but in the nude tlie 
anterior one-half of each of these wings is aborted, and the 
position of the nervures changed; this condition is connected 
with the development of a glandular patch or fold on the wing, 
and is remarkable as profoundly affecting a structure which is 

For a table, see Meyrick, l.c. 

2 Barrett, “Increasing Melanism in British Geometridae,” MjiL Monthly Mmj. 
1895, p. 198. 

^ P. Zool. Hoc. London, 1892, p. 192. 
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Ewise so constant tliat the classification of the family is 
bcised on it. 

■^l^e larvae are as a rule destitute of the remarkable adorn- 
bs of liairs and armatures of sx3ines that are so common in 
y of the families we have x^revioiisly considered ; they are 
of concealing themselves during the day and coming out at 
t to feed ; many of them x>^^'SS most of their time at, or 
the surface of the ground, finding nourishment in roots 
le lower x)arts of the stems of j)lants ; this is notably the 
ill the genus Agrotis, which is x^erhax)s the most widely 
ibxited of all the genera of moths. Such caterx)illars are 
’"II as Cut-worms in North America.^ The great resemblance, 
se, of certain of these Gut-worms, much astonished the 
cio^in naturalist Harris, who found that larvae almost per- 
^ Biinilar produced very different moths. The majority of 
uid larvae have the usual num])er of legs, viz., three pairs 
ox*acic legs, four pairs of al)dominal feet and the terminal 
euB. In some divisions of the family there is a departure 
tliis arrangement, and the aljdominal feet are reduced to 
, or even to two, pairs. One or two larvae are known — e.g. 
dza. mi — in which the claspers have not the usual function, 
tro free terminal appendages. When the abdominal legs 
educed in number {Flusia, e.g.) tbe larvae are said to be 
loopers, or Semi-loopers, as tliey assume to some extent the 
[ax' mode of progression of the Geometrid larvae, which are 
n ^is Loopers. In the case of certain larvae, e.g. Trix)liamict, 
:nxve the normal number of feet, it has been observed that 
first hatched, the one or two anterior pairs of the abdom- 
are ill developed, and the larvae do not use them for 
iig. This is the case 
the young larva of our 
di JBrephos notha (Fig. 

Sul^sequently, how- 

tliis larva undergoes 

siderable change, and ^OZ.—nrephos notJia. Larva, newly' 

. ^ . hatched. Britain. 

rs in the lorrn shown 

g. 204. This interesting larva joins together two or three 

Itlioxigh this term is widely used in Korth America, it is not in use in Eng- 
hotigh it may possibly have originated in Scotland. See Slingerland, Bull, 
ZJ^wiverntij £xp. Stat. 104, 1895, p, 655. 
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leases of aspen and lives between tliein, an uimsiuil habit for 
Noctiiid larvae. When about to pupate it bort's into bark, or 
soft wood to change to a pupa, Ihg. 205 ; 
the specimen represented closed tlie hole 
of entry by placing two separate doors 
of silk across the burrow, as shown at d. 

The anal armature of this pupa is ter- 
minated by a curious transverse process. 

Tlie systematic position of this inter- 


Fro. 205. Ihr/tlifts 

I vciilr:ii ; B, 

('Xtrcniity ot' l»Kiy, niugni- 
ih>(l ; C, tin* iit \\i xxi ; 
f/, coii.st no-tn-d 

Fig. 204. — Brephos notJia. Adult larva. Uy tlui larva, 

esting Insect is veiy uiicextaiii ; Meyriclv find olhci's .-is.sdciali- il, 
■wifcli tlie Geometridae. 

The larva of Lemanin unijiuntiMii is tlu*- iioiuricju.'i Ariiiv- 
worm that commits great ravages on grass anil l•l)m in N'lirtli 
America. This species sometimes increaKo.s in iitimhci-.s tn a cdii- 
siderable extent without heiiig ohserml, owing to tin- retiring 
habits of the larvae; when, however, tlic in(n'«'iis«‘. id niniiiti'rs 
lias hecii so great that iood liecoines sc'arce, ni’ ftii‘ sonic nliicr 
cause — for the scarcity of food is siijijiosed not- l<i l.c the unlv 
reason — the larvae become gregarious, and migjrati- in cnurnii iii:ti 
swarms; whence its popular name. 'Ihc C'< itt.i.n -wmin, A\,i,n 
xylinm is even more notorious on account of i (s in vnL'cs. Ihh.y 
states^ that in bad years the mischief it coininil.s mi fiicci.i^m 
crop causes a loss of £6,000,000, and tfmt Ihr a |7rio.i 
of- fourteen successive years the aniimd loss inmuged ahnnt 
£3,000,000. This caterpillar .strips the cotton plants", f all but 
their branches. It is assisted in its wnrk bv iinotlier hi<'lily 
destructive JToctnid caterpillar, the lh,ll-w/,nu, .,r Inrvn <> 
miiotkis armigera, which hores into the hiiilH nnd j,n,l.s. This 

^ Fourth RejJ. Ent. ContimiBuiun^ 1885, p. 





vr 


1 1 p:terockra — noctut da e 


417 


latter Insect attiicks a, great variety ul* plants, {ind lias a very 
wide distribution, being found even in England, wliore iiappily 
it is always a. rare Insect. 

In Britain, as well as in of Nortliern Europe, a Noctuid 

moth, OluLvaeas gram/inis, occasionally increases to an (uiorinoiis 
extent : its larva, is called the Hill-grul) and lives on the grass of 
pastures, frequently doing gi‘ea,t damage in hill-lands. The in- 
crease of this moth seems to take place after the manner of an 
epidemic ; a considerable.. number of years may pass din*ing whicli 
it is scarcely seen, and it will then appear in unusual numbers 
in widely separated localities. This moth lays a large number 
of eggs, and is not completely nocturnal in habits ; sometimes it 
may be seen on the wing in great numbers in tlie hottest sun- 
shine, and it has been noticed that there is then a. great dispro- 
portion of the sexes, tlie females being ten or twenty times as 
numerous as the males. In Australia, the Bugong moth, Agrotis 
spina ^ occurs in millions in certain localities in Victoria : tliis 
moth liiberiiates as an imago, and it formerly formed, in this 
instar, an important article of food with the ahorigines. Tlie 
powers of increa.sc of another Noctuid moth — Erastria scAPida 
— are of great value. Its habits have been described by 
Bouzaud.' On tlie shores of the Mediterranean the larva of this 
little moth lives on a, Scale-Insect — Leca^ukmi oleae — that infests 
the peach ; and as tin*, moth may have as many as live genera- 
tions in a yea.r, it (iommits laudable havoc witli the pest. The 
larva is of rema,rka])le form, very short and convex, with small 
liead, and only two pairs of abdominal feet. The scale of the 
LeMmium is of larger size than is usual in that grouj) of Insects, 
a.nd the young larva of the Erastria buries itself, as soon as 
hatched, in one of the seides ; it destroys successively numerous 
scales, and after having undergone several moults, it finds itself 
provided, for tlie first time, with a sx>inneret, when, with the aid 
of its silk, it adds to and adapts a Coccid scale, and thus forms a 
portalile lialjitation ; tliis it holds on to by means of the pair of 
anal clasjierH, which are of unusual form. The case is afterwards 
subjected to further alteration, so that it may serve as a protec- 
tion to the creature when it has changed to a pupa. This motli 
is said to be freij from tlie attacks of j)ara8ite8, and if this lie the 
case it is x)robahle that its increase is regulated by the fact that 
^ Insext Life, vi. 1894 p. 6. 
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when the creature becomes imineroiis it thus riiduccH th(‘. food 
supply, so that its omi numbers are afterwards in consequeiice 
diminished. 

One of the most remarkable genera of British Koctiiidiui is 
Acnmi/da,^ the larvae of whicli exiiibit so iniieh diversity tliat it 
has keen suggested that the genus should be disinerriheretl and il^s 
fragments treated as allied to scYcral ditfereut divisions of moths. 
There are many points of interest in connection with the iintura/l 
history of these Aerow/cta: A. 2m and A. tHilcns are practically 
indistinguishable as moths, though the larvae are easily sc ])arat(‘.(l : 
the former species is said to be destroyed to a,n aina.;5iug (cxtmit 
by parasites, yet it remains a common Insect. The gejiiis 
Apcttela is very closely allied to A<yronyct(ij and Harris says tint 
Ap)(itelct signifies deceptive, and tliis name was probably givnui to 
the genus because the cateipnllars appear in the dress of Arctiaois 
and Liparians, hut produce true owlet-moths or Noctuas.” “ Tlui 
species of another British germs, Jhyophilci, possess tlie exec])- 
tional habit of feeding on lichens. Some of tlie Airiericaii group 
Erebides are amongst the largest Insects, ineasuiing scvtm or 
eight inches across the expanded wings. 

The Deltoid moths are frecj[ueutly treated as a distinct fajui'ly, 
Deltoidae, perhaps chiefly because of their iusem))lan(*.ci to Pyra,- 
lidae. At present, however, they are considered to ]>(‘ separated 
fioia Hoctuidae l)y no valid characters. 

Fam. 38 — Epicopeiidae. — The geims Epuwpda (MniHists of 
only a few moths, but they are arnongst th(i most (3xtr’{U)rdina.ry 
known : at first sight they would be declared witlxont hesitation 
to be large swallow-tail butterflies, and Harnpson stattis that tiny 
mimic the Papilios of the rohjxe/mis group. Very Uitlo is 
known about these extremely rare Insects, but the larva is sbited, 
on the authority of Mr. Dudgeon, to surpa-ss the niotlm thcruH(dv(‘s 
ill extravagance; to be covered with long procesHt^H of snow- white, 
efflorescence, like wax, exuded Iroin the skin, and to ininiict a 
colony of the larva of a Ilomopterous Insect. 80111(3 ten 
species of this genus are known from Java, India, Clniia, and 
Japan. In this family there is said to be a rudimentary frerni- 
lum, but it is doubtful whether tlie hairs that liave given rise to 
this definition really justify it. 

^ See Cliapnian, The Genus Acroiiycta and iLs Allies, Ijondori, 1895. 

2 I'/iseas Injurious, etc,, Ed. 186iJ, B(j.ston, p. 457. 
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Fam. 39. Uraniidae, — A family of small extent, includino' 
liglit-boclied moths with ainjple wings and thread-like antennae • 
most of them resemble Geometridae, but a few genera, Urania 
<ind Nyctalemon, are like Swallow-tail butterflies and have 
similar habits. The Madagascar moth, Chrysiridia madagascar- 
iensis (better known as Urania rliijpheus), is a most elegant and 
beautiful Insect, whose only close allies (except an East African 
congener) are the tropical American species of Urania, which 
were till recently treated as undoubtedly congeneric with the 
Madagascar moth. The family consists of but six genera and 
some sixty species. The question of its affinities has given rise 
to much discussion, Init on the whole it would appear that these 
Insects are least ill-placed near Noctuidae.^ The larva of the 
South American germs Coro- 
nidia is in general form like 
a Hoctiiid larva, and has the 
normal number of legs ; it 
possesses a few peculiar fleshy 
processes on the back. A 
description of the larva of 
Chrysiridia madayascaricnsis 
has been widely spread ; but 
according to Camboiie,'^ the 
account of the metamorphoses, 
first given by Boisduval, is 
erroneous. The larva, it ap- 
pears, resembles in general 
f'orrn that of Coronidia, and 
has sixteen feet ; it is, how- 
ever, armed witli long, spatu- 
late black hairs ; it changes to 
a pupa ill a cocoon of open 
network. 

In all the species of this family we have examined, we have 
noticed the existence of a highly peculiar structure that seems 
hitherto to have escaped observation. On each side of the 
second abdominal segment there is an ear-like opening (usually 

* Sec Westwood, Tr. Zool, Hoc. London, x. pp. 507, etc., for discussion of this 
qucHtion and for figures ; also E. Reuter, Act. Soc. Sci. Fenn. xxii. 1896, p. 202, 

2 Oongr. InU'nmt. Zool. ii. 1892, pt. 2, p. 180. 



Fig. 206. — Abdomen of CJirysiridia mada- 
fiascarieiisis. A, Horizontal section show- 
ing the lower part of the male abdomen : 
1, first segment ; 2, spiracle of second 
segment ; 4-8, posterior segments. B, 
the abdomen seen from the side, with the 
segments numbered. The section is that 
of' an old, dried specimen. 
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much concealed by overlapping scales), giving entrance to a 
chamber in the body ; this chamber extends to the middle line, 
being separated from its fellow by only a tliin partition. At 
its anterior and lateral part tliere is a second V(‘.sicle-like 
chamber, formed by a delicate membrane that (extends as far* 
forwards as the base of the abdomen. There can be little doubt 
that this is part of some kind of organ of sense, though it is 
much larger than is usual with Insect sense-organs. 

Fam. 40. Epiplemidae. — Under tins name Hampson has 
assembled certain Geometroid moths, some of them placed previ- 
ously in Olialcosiidae, some in Geometridae. Tliey form a varied 
group, apparently closely allied to Uraniidae, and having a similar 
peculiar sense-organ ; but are distinguished by tlie presence of a 
frenulum. The larva seems to be like that of Uraniidae. 

Fam. 41. Pyralidae. — This division is to l)e considered rather 
as a group of hrmilies than as a family ; it includes a very largii 
number of small or moderate-sized moths of fragihi structure, 
frequently having long legs; antennae simple, only in a few 
cases pectinate; distinguished from Noctuidae a.nd all the other 
extensive divisions of moths by the peculiar* course of the (postal 
nervure of the hind wing, whicli eitlier ketips, in thti middle of 
its course, near to the sub-costal or actually iinitiis witli it, 
subsequently again separating. Members of thfj l^yra-lidae am 
found in all lands ; in P>ritaiu we have about 1 5 0 H])(ici(^s. Thci 
larvae are usually nearly l)aTe, with only sliort, sc^ittc^red setae, 
and little coloration ; tliey have most varied liabits, ar(i fond of 
concealment, and are very lively and abrupt in movement, 
wriggling baedewards as well as forwards, when disturljed; a 
cocoon is formed for the metamorphosis. 

The family as a whole consists of Insects of unattractive 
appearance, although it contains some v(u*y elegant and interesting 
moths and numerous forms of structural interest. In the genus 
Thiridopteryx little transpearent spa(ces on the wings ocemr as a 
character peculiar to the males ; the spaces are correlatives with 
a greater or less derangement of the wing-nervureis. In some 
other forms there is a remarkable retinaculum, consisting of* larger 
scales, and this, too, is connected with a distortion of the wirig- 
nervures. Tlie Pyralidae — Pyralites of Eagonot,^ I'yrnlidina of 

1 Ragonot, Aom. mt. France^ 1890 and 1891 ; and Meyrick, Tr, enC, Soc. 
London^ 1890, p. 429. 
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Meyrick — have recently been revised l:>y two na-tiiralists of dis- 
tinction almost simultaneously ; unfortunately their results are 
discrepant, Meyrick including Pteropliorida,e and Orneodidae, 
and yet admitting in all only eight fiimilies ; while Ilagonot does 
not include the two groups named, but defines seventeen tribes 
of tlie two families — Pyralidae and Cramhidae — that he admits. 

The Pyraustidae of Meyrick is an enormous division iinduding 
the Hydrocarnpidae and Scopariidae of many authors, a,s well a,s 
the Pyraustinae proper and a small group of Eagonot’s, tlie 
Plomophysinae. The division Scopariinae is believed to be 
amongst the “most ancient” of Lepidoptera. ; the food of the 
larvae consists of moss and lichens. This group is widely dis- 
tributed, being richly represented in Australia, .New Zealand, 
and the Hawaiian Islands, as well as in Europe; and probably 
i*eally occurs wherever their food-plants exist accompanied by 
a tolerable climate. The statistics of the distribution of this 
group, so far as at present known, have been furnished by 
Mr, Meyrick, as follows: — European region, about 25 species; 
Madeira, 3 ; St. Plelena, 6 ; South Africa, 2 oi* 3 ; India, 9 ; 
Malayan region, 3 or 4 ; Australia, 24 ; New Zealand, 64 ; 
Hawaiian Islands, 50; North America, 17 (one of them Euro- 
pean); South America, 10. Tlie Hydrocamxnnae — the China- 
marks — are of great interest, as being amongst the few IbrniB 
of Lepidoptera adapted for aquatic life. It is believed that all 
their larvae are aquatic, though of only a few is there mucli 
known. The diversity amongst these forms is of considerable 
interest. The habits of Ilydrocam/pct nympIutecUa were long since 
described by Eeaumur, and have more recently been dealt witli 
by Ikickler,^ W. Mliller^ and Prof. Miall.^ Although there arc 
some discrepancie^s in their accounts, due we believe to the 
obscirvations being made at different ]>eriods of tlie life and under 
somewhat different circumstances, yet the account given by 
Midler is we feel no doubt substantially correct. The larvae 
when hatched mine in the leaves of a water-plant for a short 
time — tliirty hours to three days according to Buckler — and are 
com|)letely surrounded by water, which penetrates freely into 
their burrows; at this period the caterjiillar breathes by its 
skin, the spiracles being very small, and the tubes leading from 

1 Imt. Ma(j, xii. 1876, p. 210, and xvii. 1881, p. 249. 

JifooL Jahrl). Syst. vi. 1892, p. 017. ^ Nat. Jlist. Aquatic Insects , London, 1895. 
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them closed and fnnctionless. After this brief period of miring 
life, the larva moults and then constructs a habitation by cutting 
a piece out of a leaf, and fastening- it to the under side of another 
leaf ; it is thus provided with a habitation, but it is one into 
which the water freely enters, and the respiratory apparatus 
remains in the state we have described. The Insect passes 
through several moults, and tlien liiberiiates in the water. On 
its revival in tlie spring- a change occurs, and the larva constructs 
a portable, or we should rather say free, habitation out of two 
large pieces of leaf of lens-shape, listened together at the 
edges ; but the larva has some method of managing matters so 
that the water can be kept out of this house ; thus the creature 
lives in air though immersed in the water. A correlative change 
occurs in the structure of the skin and tracheal system. The 
former becomes studded witl). prominent points that help to 
maintain a coat of air round tlie Insect, like dry velvet immersed 
in water; the spiracles are larger tlian they were, and they and 
the tracheal tubes are open. One or two moidts take place and the 
creature then pupates. There is a good deal of discrepancy in 
the accounts of this period, and it seems probable that the pupa 
is soinctirnes [uu’ial, souietiines aquatic. Buckler’s account of thc». 
formation of the case shows that the larva first cuts off, ly an 
ingenious process, one piece of leaf, leaving itself on this, as on 
a raft ; this it guides to a leaf suitable for a second piece, gets 
the raft undenieath, and fastens it with silk to the upper portion, 
and then severs this, leaving the construction free ; afterwards the 
larva goes throiigli a curious process of changing its position and 
working at the two extremities of the case, apparently with the 
object of making it all riglit as regards its capacity for including 
air and keeping out water. . He bidieves that Ilcanmur was 
correct in his idea that the larva regulates the admission of air 
or of water, to the case in conformity with its needs for respiration. 
Mhllex calls special attention to the great changes in habit and 
in the structure of the iiitegunient dining the life of this larva ; 
but the reader will gather from what we relate as to various 
terrestrial Lepidopteroiis larvae, that these phenomena are not 
very dissimilar from what fre(][xiently take place in the latter ; a 
change of habits at some particular moult, accompanied by grf3at 
changes in the integument, and evtui in the si>;e of the sbigiiiata, 
being of fre(]uent occurrence. 
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The larvii of Ky w2)IiiUa siagnata.ii close ally of H. nymx)licteata 
has a(|ua,tic liabits of a somewhat similar but sirnxjler nature; 
wliile N. {Farcq'iompi) sWatiotata is very different. This larva is 
provided with eight rows of tufts of flexible branchiae, occupying 
the position of the spots or setigerous warts usual in cateiyoillars, 
and reminding one of the spines of certain butterfly-larvae, though 
tliey are undoubtedly respiratory filaments. These caterpillars 
protect themselves by forming silken webs or cases, or by adopt- 
ing tlie case of some other larva, and are in the habit of holding 
on Ijy the anal clasx)ers, and rapidly and energetically moving 
tlie anterior jjarts of the body in an undulating fashion. The 
sx)iracles exist, bixt are functionless. The p)Rpa lives under water, 
and has no branchiae; but three of the pairs of abdominal 
spiracles are open, and project from the body. Muller informs 
us that in a Brazilian Parajponyx these three pairs of spiracles 
were already large in the larva, though the other pairs were very 
small, or absent. He considers that the moth of this species 
descends beneath the water of a rapid stream, and fastens its 
eggs on the stems of plants therein. Cataclysta lemnata lives in 
a case of silk with leaves of duckweed attached to it, or in a 
piece of a liollow stem of some aquatic plant ; it is believed to 
l)rea,the, like H. nym^haeata, at first by the integument and 
subsequently by open stigmata ; but particulars as to how it 
obtains the requisite air-supply are not forthcoming : the aquatic 
pupa breathes by three large abdominal spiracles like Parapoonyx. 

Musotimidae^ is a small group of two or three genera found in 
Australia and Polynesia ; and tlie Tineodidae also consist of only 
two Australian genera. Siculodidae is likewise a small Antarctic 
group, placed by Meyrick in Pyralidina ; but his view is not 
acce])ted by Snellen and Kagonot. Epipaschiinae (formerly 
trcat(M,l as a separate family) and Endotrichiinae are, according 
to Meyrick, subdivisions of the family Pyralidae proper, an 
enormous group of more than 100 genera. The Chrysauginae 
consist chiefly of American forms, and have not been treated by 
Meyrick ; some of this group have been classed with Tortricidae 
or Deltoidae on account of the undulating costa of the front wings 
and the long, peculiar palpi. The Galleriidae are a small group 
including Insects that live in bees’-nests, and feed on the wax 

^ For Bibliograpliic references connected with the divisions of I^yralidae see 
Ihigonut, Ann. Auc. ait. France (6), x. 1890, pp. 458, etc. 
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etc. ; others eat seeds, or dried vegetable siibstanees. Three 
out of our five British species of this family oeeiir (iisuiilly 
gregariously) in bee - hives, and have tlie peculiar habit 
of spinning their cocoons together. The mass of coiiinion 
cocoons formed in this inaiiiier l>j Apkomia 80GieUa is reniarh- 
ably tough and enduring ; portions of it are not infrequently 
picked up, and as the cocoons are of a peculiar tuhukir form 
their nature gives rise to some perplexity. 

Phycitidae ^ is another very large assemblage of Insects with 
very diverse habits. The freiuiluin and retinaculum are similarly 
formed in the two sexes : the males frequently have the basal-joint 
of the antennae swollen ; hence the term '' Knot-horns applied 
hy collectors to these moths. Tlie larvae of the species of 
Ephestia infest groceries, and most cliildren have Ijecoine to a slight 
extent Jicquainted with tlieni amongst dried figs ; that of E. 
kiiekiddla has hecoim?. very injurious in flour-mills, its enormous 
increase being due in all probaldlity to the fact that the favour- 
ahle and equable teinperutuu^. maintained in tlie mills promotes a 
rapid successuju of geuerations, so that the Insect may increase 
to such a, 11 extent as to entirely ])1qc1v the machinery. Many of 
the Phycitidae feed on the bark of trees in galleries or tunnels 
constructed partially of silk. A very peculiar modification of 
this habit in Ceddiptw eiiroemrm lias been described by l^)erg. “ 
III Argentina this Insect takes posscession of the galls formed by 
a Gherntcs on Em mu (.rut Idfflutuuhdom, a. Eiiplioibi^iceous tree. 
Tlie female moth lays an egg on a gall, and the resulting larva 
bores into the gull and noiirislajs itself 011 tlie interior till all is 
eaten except a thin external coat ; the caterpillar then pupates 
ill tliis chamber. Tiie galls vary in size and shaqie, and the 
larva displays much constructive alnlity in adapting its home to 
its needs by the addition of tubes of silk or l y other modes. Some- 
times the amount of food funiiBhed by the interior of the gall is 
not sufficient ; the larva, in such cases, resorts to the leaves of the 
plant for a supplement, but does not eat them in the usual 
niariner of a caterpillar; it cuts ofl‘ and carries a leaf to the 
entrance of its abode, fastens the leaf tliere with silk, and then 
itself entering, feeds, from the interior, on the food it has thus 
acquired. Another Phycitid, Dakrmna coccidvvom, is very 

^ Mouogiutili, Iiy Itigonot, in Iloniaiioir, Akin. Icji. vii. 1893. 

= £iiC. 2eil. 1878, p. 230. 


vr 


HETKROCERA PYRALIDAE 


425 


beneficial in Nortli America 'I)}- eating large Scale-Insects of the 
Lpxanvimi groiii^ somewhat after the fashion of JErastria scitula ; it 
does not construct a case, but shelters itself when walking from 
one scale to another by means of silken tubes ; it suffers from 
the attacks of parasitesd Oxychirotinae, an Australian group, 
is interesting because, according to Meyrick, it possesses forms 
connecting the Pterophoridae with tlie more normal Pyralids. 

Cranibidae, or Grass-moths, are amongst the most abundant 
Lepidoptera in this country, as they include the little pale moths 
tiiat fly for short distances amongst the grass of lawns and 
pastures ; they fold their wings tightly to their body, and 
have a head pointed in front, in consequence of the form 
and direction of the palpi. They sit in an upright position’ 
on the steins of grass, and it has been said that this is done 
because then they are not conspicuous. Perhaps : but it would be 
a somewhat difficult acrobatic performance to sit with six legs 
across a stem of grass. The larvae are feeders on grass, and 
construct silken tunnels about the roots at or near the surface. 
The Ancylolominae are included in Cranibidae by Meyrick and 
Hampson. Schoenobiinae‘^ are included by Meyrick in Pyraustidae, 
l.)ut this view appears not to meet with acceptance, and the gi'oup 
is more usually associated with the Cranibidae. Most writers 
place the anomalous genus Ace%tTopits as a separate tribe, but it 
is associated by both Meyrick and Hampson with Sclioenohius. 
This Insect is apparently the most completely aquatic of all the 
JjOpidoptera, and was for long associated with the Trichoptera 
ill consticpience of its habits and of the scaling of the wings 
Ijeing of a very inferior kind. The males may sometimes be 
found in large numbers fluttering over the surface of shallow, but 
large, bodies of water ; the females are rarely seen, and in some 
cases lu'ive no wings, or have these organs so small as to be useless. 
I’lie female, it would aj)pear, comes quite to the surface for 
coupling, and then takes tlie male beneath the water. The larvae 
have the usual number of Lej)idopterous feet, and apparently feed 
on the leaves of plants below water just as Lepidopterons larvae 
ordinarily do in the air. ^ They have no trace of gills, and their 

^ Howard, Insect Life, vii. 1895, p. 402. 

" Monograph by Hampson, P. Zool. Soc. London, 1895, p. 897-974. 

^ EnL Zeit. Ztettin, li. 1890, p. 59. Cf. also Rebel, Zool. Jahrh. Syst. 

Xii. 1898, J>. 3. 
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mode of respiration is unknown. A great deni has deen written 
a, bout these Insects, but really yerj little is knowiL They are 
al)undaiit, tlioiigh local in laaiiy parts of Noitli and Central 
Europe ; some of the females have, as we liave said, abbreviated 
wings, but how many species tliere are, and whether the niodifica- 
tious existing in the development of the wings are constant in 
one species or locality, are indviiown as yet. 

Earn. 4:2. Pterophoridae ^ (Pkirne- 7 not]is ). — Elegant Insects 
of small size, usually with the wings divided (after the fashion of 
a hand into fingers) so as to form feathers : the extent of this 
division is diverse, but the liiiid wings are more completely divided 
than the front, which indeed are sometimes almost entire. The 
group is placed by Meyrick in his Pyralidina, but there are many 
entomologists who look on it as distinct. It consists of two 
sub - iamilies, Agdistinae and Pteropliorinae, that have been 
treated as families by many entomologists. The Agdistinae 
(of whicli we have a Ihntish representative of the only genus 
Afjdistes) liavo the wings undivided. Pteropliorinae have tlie 
Iiiiid wings trifid or (rarely) qiiadrifid, the front wings bifid or 
(rarely) tritid. The larvae of the Pteropliorinae are different 
from those of l^ralidae, lieing slow in inoveiiient and of heavy 
form, covered with hair and living exposed 011 leaves ; the pupae 
are' highly reinarkalile, l)eing bo ft, coloured somewhat like the 
larvae, and also hairy like the larvae, and are attached somewhat 
after the manner of Initterfiy- piijiae by the cremaster : hut 
in some cases there is a slight cocoon. There is, however, 
much variety in the larval and pupal habits of the Ptero- 
plioridae, many having habits of concealment of divers kinds. 
We have thirty species of thcBc lovely Idurne -moths in Britain. 
The family is widely diRtriliuted, and will probably prove 
numerous in species when the Hinall and delicate Insects existing 
in the trollies {ire more appreciated by collectors. 

Fam. 4:3. Alucitidae (Orneodidae of Meyrick and others). — 
The genus Ahuvitco includes tlic only moths that have the front 
and hind wings divided . each into six feathers. Species of it, 
thougli not numerous, occur in V{irious regions. The larva and 
pupa are less anomalous than those of the Pteropfiioridae, though 
the imago is more anomalous. The caterpillar of our British A. 
polydaoUjla feeds on the liower-biids of houey-suckle, aud forms a 
^ Cla.ssirictttif>ii ; Meyrick, Tr, erU. h^oc. Zunduu, 1886, p. 1. 
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(cocoon. Tlie iiiotli witli wings expanded is about an inch across, 
a.u(l is a lovely oljject. It is not rare, though seldom numerous. 

Fam. 44. Tortricidae. — Moths of small size, with a rather 
a,mple wing area, with the wing-fringes never as long as the 
wings are wide (long across), the hind wings without a pattern : 
the anterior nervure on the hind wings is simply divergent from 
that next to it, and the internal nervure, lb, is very evidently 
lurked at the Ijase. The larvae inhabit their food, which may be 
rolled up or twisted leaves, or the interior of fruits and herbs, or 
galls, or even roots ; they exhibit less diversity than is usual in 
otlu‘r large series of moths ; all have the normal complement of 
sixteen legs. This group is a very extensive one, but is much 
neglecttid owing to the great difficulties attending its study ; 
it is not recognised in Hanipson's Table of families given on 
p. 370, being tliere merged in Tineidae. It appears, however, 
to be a really natural group, and it is not desirable to merge it 
in the sufficiently enormous assemblage of the Tineidae till 
this has been shown to be necessary by the light of a greater 
knowledge of the external anatomy than we possess at present. 
The term Microlex)idoptera is frequently met with in entomo- 
logical literature, and should, we think, be confined to the two 
series T(jrtricidae and Tineidae. The Pterophoridae, and even 
th(*- Pyralidae, have been, and still sometimes are, included under 
this term, but at present it seems best to limit its application as 
is here suggested. 

Three great divisions are at present recognised ; these were 
Ibrnuu'ly called by Meyrick,^ Tortricidae, Grapholithidae, Conchy- 
Jidaci ; sul)seq\iently,- he has adopted the names Tortricidae, 
Epibl(*mi<lae, riialoniadae. Lord Walsingliam, who has devoted 
a great de^il of tium and study to the elucidation of this most 
(lillicult group, has suggested'^ that another change is desirable, 
and if so the nomencdature will be: — 1. Tortricidae [or Tor- 
ticinae, according to the view that may he taken as to the group 
l)eing family or suh-family] ; 2. Phaloniidae i = the formerly 
used name, Conchylidae] ; 3. Olethreutidae [ = the formerly used 
name Grapholithinae = Epiblemidae, Meyr.]. We have upwards 
of 300 species in Britain, nearly 200 of which belong to tbe 
last division. The name Tortricidae refers to the habit the 

^ F. JAniv. Fog. N. S. Wales (2), vi. 1881, ]). 410. ^ 

Hitmlhook Frit. Lr.'iK 1895, p. 493. ^ Tr. cut. Foe. London, 1895, p. 495. 
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larvae of these inoths possess of rolling up leaves, or twisting 
and distorting shoots and buds. 

The mode in whicli leaves and shoots are twisted and rolled 
by the very small larvae has been, much discussed and is pro- 
bably the result of two or three distinct causes : — 1, the 
immediate operations of the larva ; 2, the contraction of silk 
when drying ; 3, changes in the mode of growth of the parts of 
the vegetable, resulting from the interference of the caterpillar. 
The larvae of this family that live in fruits are only too widely 
(we will not say well) known. Staiiiton gives as the habitat of 
Upinotia Jumhrana, “ larva frequent in phini-pies ” ; the cater- 
pillar of Oarpoccqiscc 2 '>omorhflla (the Codling -moth) mines in 
apples and poears, and its ravages are known only too well in 
widely distant pearts of the world Avhere fruit-trees of this kind 
are cultivated. C. splcMlancc lives in acorns and walnuts ; C. 
j'wlicmcc in Spxinisli chestnuts. Two, if not more, larvae live in 
the seeds of Euphorbiaceous plants, and liave become notorious 
under the name of jumpjiiig-heauis, on account of the movements 
they cause, xis tliese latter show no trace externally of being 
inhabited, the movements are supposed to be a mysterious pro- 
poerty of the seed; they are really due to its containing a large 
cavity, extending, in one direction of the seed, nearly or quite 
from skin to skin ; in this the larva makes a movement sufficient 
to alter the point of equilibrium of the quiescent seed, or as 
a free body to strike some part of it. The exact nature of the 
movements of the larva have not, we believe, been ascertained. 
There are, at least, two species of these Insects, and two plants 
harbouring them, known in tlie ‘United States and Mexico, viz. 
CiiTpocdpsct salHtmis living in the seeds of Croton oolliguaja and 
Grapholitlia sebastianiae living in the seeds of Sehccstiania 
Incapsulans. 

Fam. 45. Tineidae. — Small moths with the labial palpi 
more flexible and mobile than in other moths ; usually separated 
and pointed.. Hind wings frequently with very long fringes, the 
wing itself being proportionally reduced in size, and in con- 
secpuence pointed at the tip. Larvae very diverse, almost always 
with habits of concealment. The series of forms included under 
this head is very numerous, the British species alone mounting 
up to 700, while the total described cannot be less than 4000. 
This number, however, must be but a fragment of what exists, 
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if Mr. Meyrick be correct in supposing that a single one of 
the divisions of the family — Oecophoridae — comprises 2000 
species in Australia and New Zealand alone. As the study 
of these Insects is attended 
with great dif&cidty on ac- 
count of their fragility and 
the minute size of the great 
majority, it is not a matter 
for surprise that their classili- 
cation. is in a comparatively 
rudimentary state. We shall 

not, therefore, deal with it here. 

. Fig, 20/. — Dtplnm-raJu/nwora(Ge\ec\^^^ 

Neither can we attempt to give Hawaiiim 'islands. 

any idea of the extreme diversity 

in the colours, forms, and attitudes of these small Insects. The 
one shown in Fig. 207, is remarkable on account of the great 
accumulation of scales on the wings and legs. As regards the 
pointed wings and the long fringes, we may remark that it is 
probable that in many of these small forms the wings are 
passive agents in locomotion ; a similar condition of the wings 
is found in other very minute Insects, e.r/. Thysanoptera and 
Trichopterygidae ; in all these cases the framework of tlie wings is 
nearly absent : in some forms of the Tineidae, Opostefja, e.g. the 
nervules are reduced to three or four in each wing. The 
variety in habits is as great as that of the external form, and 
the larvae exceed in diversity those of any other group of 
Lepidoptera. No doubt a corresponding amount of diversity 
will be discovered in tlie details of structure of tlie perfect 
Insects, the anakimy of but few having been at present investi- 
gated. Tivsa 'pelliondld has two very important peculiarities in 
its internal anatomy : tlie testes consist of four round follicles 
on each side, and, contrary to the condition genenilly prevalent 
in Lepidoptera, are not brought togetliex in a common capsule : the 
two groups are, however, not quite free (as they are in Ilejpicdus), 
but are connected by a loose tracheal network- Even more 
remarkable is the fact also pointed out by Gholodkovsky ^ that 
the adult Insect possesses only two Malpighian tubes instead of 
six, the normal number in Lepidoptera ; in the larva there are, 
however, six elongate tubes. The group of forms to which 

^ Zool. Anz, V. 1882. p. 2(52. 
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Tin&a belongs is remarlvable for the di'versity and e:xceptioiial 
character of tlie food -habits of the larvae ; species subsist 
on dried camebs dung, various hinds of clothes, furs, and 
hair, and even about horns of deer and horses’ hoofs : . one 
species has been found in ahimdance in the hair of a live 
sloth, Brculypus ouadlifjer, under circmnstances that render it 
possible that the larva feeds on the creature's hair, though it 
may feed on minute vegetable matter found in the hair. 
The larva of Tinecv vastelkt is occasionally found feeding on the 
horns of living antelopes. Several species of Tiiieidae are known 
to devour Scale- Insects. 

Lita solanella is notorious for the ravages it commits on 
stored potatoes. Quite a number of species live on cryptogamic 
matter, or in old wood ; Oinophilcc flaviom feeds on the mould 
on the walls of cellars, and is reputed to l)e injurious by occasion- 
ally also attacking the corks of bottles containing wine. Oecocecis 
gicyonella is said to be the cause of galls on Zimoniastmm 
guyonianmn, a plant that, growing in the deserts to the south 
of Algeria, is a favourite food of camels, and is frequently entirely 
covered with sand. The deposition of an egg hy this moth is 
believed by Guence^ to give rise to a gall in which the larva is 
entirely enclosed (like the larvae of the gall-flies). Of Clothes- 
moths there are at least three species widely distributed. 
Tricltoj^haga tapdzelld is perhaps entitled to be considered the 
Clothes-moth-; its caterpillar not only feeds on clothes^ but spins 
webs and galleries amongst them. Tioieci pelliooielh is also very 
common; its larva lives iii a portable case, while that of the 
third species, Timola Hselliella, forms neither a case nor definite 
galleries. We have found this the most destructive of the three 
at Cambridge. Clothes or valuable furs may he completely pro- 
tected by wrapping them in good sound paper in such a way 
that no crevices are left at the places wliere the edges of the 
paper meet. Garments that have become infested may be entirely 
cleared by free exposure to air and sunshine. 

Two species of Tinea have been recorded as viviparous, viz. 
Tined mvipara in Australia, and an undetermined species in 
South America. The specieS' of the genus Solenolid — in -which 
the female is apterous — are frequently parthenogenetic. The 
group Taleporiidae, to which this genus belongs, is hy some 
^ Ann. JSqc. cnt, France (4.), x, 1870, p. 1, pi. vii. 
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with rsychi<l;i(% in which family, an we have pointed 
‘'HI, (UM* (*r two ])a,rth(;noo‘enetic forms are also known. 

Ihr lai'vae. oi Tineidae, though they do not exhibit tlie 
r**iiiai ka])la. armaduiv. round in so many of the larger caterpillars, 
a If «»xo(‘{‘dingly divc.rste^ Some are entirely destitute of feet 
I Others are destitute of tlic thoracic legs; 

is in this (jase, but it is provided with an increased 
inufdHT ot abdominal feet, in the form of more or less imperfect 
vmiiral processes. Soiiui miiui in leaves, others live in portable 
easos of \-arioits forms. Some are leaf-miners during their 
^arly lile, and sid)se(ju(*ntly change their habits by con- 
si riieting a, pnrtaJ>le cas(x The genus Ooleophora affords 
munerous inst.aiH‘es of* this mode of life; tlie habits of these 
rase lira !*m‘s (‘xhihit eonsiderahle variety, and there are many 
[Hfints of iut<*rest in their life-histories. Change of habit during 
file la,r\al lih^ lias alrc^ady been alluded to as occurring in many 
hepidijptera- and is nowhere moi’c strikingly exemplified than in 
rtulain TinOdae. M(‘yrick mentions the following case as 
of'curring in an Australiaai NemMohola orihotri^^ the 

larva, until two-thirds grown, is without feet, and is almost 
eolourle.ss, and mim^s in the leaves of Fe/rsoonia lanceolata; but 
when two-thirds gi*own it aeipiires sixteen feet, changes colour, 
i?»‘eoming very va.incgah'., aaid feeds externally, unprotected, on the 
leaves. ITie ('ases of the cas(j-l)earing Tineids are usually of 
small size, and do not a.ttract athmtion like those of Psychidae. 
A very reiimrkahh^ one, *wus discovered by Mr. E. E. Green in 
EVyloin and was at first helkwed to ])e formed by a Caddis-worm. 
It lias nmv be<*n a.HC(‘rta,iu(id that tbe Insect forming it is the 
eatcrihllar of‘ ImiuluH, a Tineid moth of the group 

l)f*|ir<*.HHarii(lue the*. (*a-s(i is composed of minute fragments of 
moss, Hand, and liehens; tln^ a,uterior end is dilated into a shield- 
like hood ilmt cov(‘rs and ]>rotectB the anterior parts of the 
larv a winm feeditig ; the food is mosses and lichens on rocks and 
ireoM. before pupating, the larva folds down the edges of the 
liiifnl over tlie mouth of the tube, like an envelope, fastening 
tiieiii with silk* Tint e^ise is fixed to the rock or other support 
itiiil liiiiigH there until the moth appears. 

* Du liiElt eftli** larvae, according to miniber of feet and otter characters, see 

Ht'riiH. t,nt, Zeit. xxvii. 1883, pp- 1-8. 

* /*, Linn, AV. N.Z. IFales {2) vii. 1892, p. 593, 
liiirosnt. Kifi, .l/e//.. .xxxi, 1895, p. 107. 
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The family Prodoxidae consists of some Tiiieids, the larvae of 
which feed in the pods and stems of the Yuccas of south-western 
North America; they have the month of very unusual form 

(Pig. 208, E), and 
some of them, by 
aid of this peculiar 
month, exhibit a 
remarkable modifi- 
cation of instinct. 
The facts are chiefly 
known from the 
observations of 
Eiley ^ on I^romibcc 
yuccccsella, a moth 
living on Yugccc 
/ ikmentosa ; this 
plant has been in- 
troduced into onr 
gardens in this 
country, where it 
never, we believe, 
produces seed The 
Yuccas are not 
fitted for self-fertil- 
isation or for fer- 
tilisation by Insect 
agency of an ordi- 
nary kind. The 
progeny of the 
moth develops in 

Fig. 208 . — PrOTiicha synthetica. North America. A, Larva ; Dods of the 

B, C, pupa, ventral and lateral a.specta ; D, feinale moth ; 1 

E, head and part of thorax of the female moth : a, plant, and aS these 
labial palp; maxillary tentacle; c, maxillary palp ; o-rnw imtil 

proboscis ; base of fronts. (After Riley.) Oannot growUlltU 

the flowers have 

been fertilised, the moth has the habit of fertilising the flowers 
at the time she lays her egg in the part that is to develop into 
the pod, and to be the food for her own progeny. The female 
moth, first visits the stamens, and collects, by the aid of tlie 

^ ‘‘The Yucca moth and Yucca Polliaatioii,” Hep, Mimuri JBotmvudl Garden^ 
1892, pp. 99-158. 
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maxillae (which in tliis sex ani Aany rcmarbil )ly ForuKMl;,' n con- 
siderable mass of polleiE which she liolds liy means of ilie peculia,r 
maxillary tentacles ; slie tlien lays an egg in tlie pistil, nsually 
of some flower other than tha,t from whicli she has gathered, the 
pollen ; and after she has accomplished tliis act she ca,refidly 
applies the pollen she had previously collected to the pistil,, so 
as to secure the fertilisation of the liower and the development 
of the pod. 

The species of Frodoxm stand in a very peculiar relation 
to Fromiha.. They also live in Yuccas, and Imve habits simihir 
to those of Pronuha, with the important exception that, being 
destitute of the requisite apparatus, they do not fertilise 
the Yucca-flowers, and are thus dependent on Promiha for 
the steps being taken that are necessary for the rearing of the 
progeny of the two kinds of moth. Hence the name of Yucca- 
moth has been l.)estowed on Promiha, and that of bogus Yucca- 
moth '' on the Prodoxus. The Pronuha we figure is the largest 
and most remarkable species of the genus and fertilises Yucca- 
Iremfolia ; the larva is destitute of abdominal feet, and in 
the pupa, the spines on the back that exist in nearly all pupae 
tliat live in stems are developed to an extraordinary extent. 
The Yuccas do not flower every year, and tlie l^rodoxidae have a 
corresponding uncertainty as to their periods of appearance, 
passing sometimes a year or two longer tha,n usual in tlie pupal 
stage. 

Fam. 46, Eriocephalidae. — This family has recently been 
];)roposed for some of the moths formerly included in the genus 
Mwroj)texyx} They are small, hrilliant, metallic Insects, of 
diiirmd habits, but are very rarely seen on the wing, and it is 
doubtful whether they can fly much. These little Insects are of 
I.)eculiar interest, inasmuch as tliey differ from tlie great majority 
of the Lepidoptera in at least two, very imxiortant xxiints, viz. 
the structure of the wings and of the mouth -parts. The moutli 
sliows that we may consider that the Lepidoptera belong to the 
rnandibulate Insects, although in the great majority of them the 
mandibles in the final iiistar are insignificant, functionless 
structures, or are entirely absent, and altliougb the maxillae are 

’ The maxillary tentacle is considered hy Prof, J. B. Sfmitli to be a prolongation 
of the stipes, (T. imtm, p. 309 ; also Insect Life, v. 1893, j). 161. 

Chapman, Tr. eni. Hoc. London, 1894, p. 366. 
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SO liiglily adapted for the tasting of sweets tliat it is difficult to 
recognise in them the parts usually found in the maxilla of 
maiidibulate Insects. Erioccpluila in both these respects connects 
the Lepidoptera with Mandibulata : the mandibles liave been 
shown by Walter^ to be fairly well developed ; and the maxillae are 
not developed into a proboscis, but have each two separate, differen- 
tiated — not elongated — lobes, and an elongate, five-jointed, very 
flexible palpus. The moths feed on pollen, and use their 
maxillae for the purpose, somewhat in the style we have men- 
tioned in Prodoxidae. The wings have no frenulum, neither 
have they any shoulder, and they probably function as separate 
organs instead of as a united pair on each side : the niodification 
of the anterior parts of the hind wing — wliere]:)y this wing is 
reduced as a flying agent to the condition of a subordinate to the 
front wing — does not here exist : tlie hind wing differs little from 
the front wing in conserpence of the parts in front of the cell l)eing 
well developed. There is a small jugum. Tliese characters liave 
led Packard to suggest that the Eriocephalidae should be separated 
from all other Lepidoptera to form a distinct sub-Order, Lepidoptera 
Laciniata.^ The wing-characters of ErUmpkalit are repeated — as 
to their main features — in Hepialidae and Micropterygidae ; Imt 
both these groups differ from Eriocephala as to tlie structure of 
the mouth-parts, and in their metamorphoses. Although Erio- 
cepliala udtliella is one of our- 
most abundant moths, occur- 
ring in the spring nearl}’' every- 
where, and being easily found 
on account of its habit of sit- 
ting in buttercup-flowers, yet 
its metainoipihoses were till 
recently completely unknown. 

Dr. Chapman has, however, 

been able to give us some 209.— Larva of moceph(dn mlth>na. 

. « ^ 111 - (After Chapman.) A, Young larva from 

inlormation as to the habits side, x50; B, })ortion of skin with a Imlla 

and structure of the larvae, iu wi-iike appeudagu : <■, ai,domiiiai fwit 
1 P 1 • 1 • -I larva, 

both 01 which points the crea- 
ture is most interesting. The eggs and young larvae are “ qidte 

^ Walter, Zcitschr. Naturw. xviii. 1885. lie did not distiiignisli Brio- 

ccpltala as a genus, as .we have explained on ]>. 808. 

" Amer. KitturuL xxix. 1895, pp. 63(5 and 803. 
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un]ik(; our idea.M ol h .Lupidopturous Insect tlu‘. lornuu; luive a 
siiowj or niealy a,ppearance, owing to a close coating of iniiuite 
rods stajuling* vertically on the surface of the egg, a,ud often 
t»ip])(Ml with a, small hull). The larva lives amongst wet moss 
and i(‘ods on tlie growing parts thereof; it is not very similar to 
any otluu; Lepidopterous larva; Dr. Chapman suggests a simi- 
la.rit}^ to the Slug-worriis ( Limacodids), hut Dyar is prol^aldy 
corr(‘ct in thinking tlie resernhlances between tlie two are unini- 
portajit : the larva of JiJru)ce 2 )h(da possesses three pairs of thoracic 
legs, and eight pa,irs of al)dorniiial appendages, placed on the 
si^.ginents iinniediately following the thorax; on the under-surface 
of the ninth and tentli al)dominal segments there is a sucker^, 
triloliaU‘. in form; this is probably really situate entirely on the 
t(*nth S(3gment ; the body bears rows of ball-appendages, and the 
intc^gunient is beautifully sculptured. The head is retractile 
and th<i antennae are longer than is usual in caterpillars. This 
hirva is profoundly different from other Lex^idopterous larvae 
inasmuch as tlie abdominal feet, or apx)endages, are placed on 
diffcrc.nt S(‘gments to what is customary, and are of a different 
form. LJnfortiniately the pu^m has not been jnocured, but there 
is some r(ias<,)n for sux)posmg that 
it will ])rov(i to he more like that of 
'rimu’due than like that of Microp-* 
tcrygidae. 

Th(i J\^ew Zealand genus Fcdaeo- 
^mlvra is only imperfectly known. 

Mcyricdc cousid(3rs it the “ most 
ajicicmt’' Lcipidopteroii yet dis- 
c’ovcred ; and it would ap)pear that 
its relations are with ErU)ce 2 dutl(t 
rathcu*thaii with M'wr()'j)teryx. Trom 
iti formation he has kindly given to 
UH, Wii {UH‘, able, to say that this moth 
poHS{rss(^s mandibles l)at no xuoboscis. 

Fam. 47. Micropterygidae. — 

Hmall nudhs of metallic colours, 
without mandibles, with elongate 
nmxillary palpi ; witliQut frenulum ; both wings with a complex 
Kysiem of wing-veins : on the hind wings the area anterior to 
tfie ('cll is laigu, and traveu'sed by three or four elongate, parallel 




Fig. 210. — Larva of MicroiMryx sp. 
A, Ventral view of the larva, 
magnified ; B, tlie same, -with 
setae unduly magnified. Britain. 


LEPTOOPTERA 


veins. There are no maiidililes, hut, tliere, is_a. short,, iiniioi-liM-t 
proboscis. Larva (Kg. 21.0) witlioul, any leg.s, lunmig in leaws 
The pupa (Fig. 211) is not a pupa, ohtec.ta,, hut, ha.s the head 
and appendages free, and it provided with enormous laa.udihle.s. 
Although these Insects in general a.p]>eara,ncc re.semlde^ AV/e- 
cephala to such an extent that lioth ha,vc heeii placed in ime 
genus, viz. MkrofUryx, yet the two forms are radiea.Ily dist.inet. 

The most I’mnarkahlo 
/ point in Mirro/^fr/'i/.r 

is the luetamorpliosis ; 


Fig. 211. — Pupa of Micropteryx {semijmrpurella /). A, i i . 

Dorsal aspect ; B, C, D, views of head dissected off; dH <l iud’VU, (.'hdllginK to 
B, profile; C, posterior, D, anterior aspects; m, pUDa Vl*rV <*a,rly in 
mandibles. Britain. * t ^ 

tim fnllowini^ Hprin|,(. 

The pupa is unlike any other I^^pidopterous i)Upa, hut in HiruilHr 
to those of Trichoptera ; neither the lu^ad nor ih(‘ appendageH 
are glued to the body or to one another, but Jire free, ho that 
the pupa can use the appendages to a considerable tixtent ; it is 
furnished with enormous mandibles (Fig. 211, I)}, whielt are 

detached and shed after emergence." In tiu^ interval l)eiwt*en 


^ "Wood, Ent. May, x.Kvi. iBfKJ, p. 14H, 

“ See Chapman, Tr. ent. Hoc. London, 1895, p. 255. 
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the larval period of feeding and the iiinigina,! instar, the ph(‘.no- 1 

mena of life are essentially like those of Triclioptera,. Tlu‘ larva, 
has not lieen at a, 11 satisfactorily studicul ; the spiracles a,’|;>pear 

to be excessively minute, but ]iav(‘, been a-scertairnal ].)y Dr. | 

Chapman to be normal in number and position. : 

All the information we possess points to profound distincd/ions 'i 
between 3£icro2)teryx and JErior.ephala, for whereas in the formtu’ 
the mandibles drop off from the pupa, so that tlui imago lias no 
mandibles, in the latter the mandildes exist, as they do in 
several other true Lepidoptera. As tlie history of the iimndi- 
bles is not known in other Ijcpidoptera (where tliey are present 
in the larva but wanting in the imago), it is prcimature to 
conclude that no other Lepidoptera siiffer the actual loss of the. 
mandibles as Micropteryx does, though there is nothing to lead 
us to believe that in any other Lepidopterous pupa are tlic^ 
mandibles specially developed as they are in AficTopteryx. This 
pupa is in fact quite unicpie in this Order of Insects. *When tlui 
liistory of the pupal mandibles is known, we sliall be able to 
decide whether they are secondary structures, like the deciduous, 
sux:)plementary mandibles found in Otiorhynchides (Ooleoptera, 

Khynchopliora). 


CHAPTER VH 


DIPTEKA— OK flies'; APIIANIPTEKA — -OR KJ.EAS ; TOYSAN 

OK THKIPS 

Order VII. Diptera 

Wings two, membranous, usually trans'parciit amL never tctJj 
behind the icings a 'pair of small creel eaplMte h 
halteres — freguently concealcAl 'under inmihvfvmmH 
No distinct prothorax, all the div'lsions of the thora 
united to form a large muss. Ahouth-parts very -t 
formed for suction not for hitmg, fregne/nlly assnai 
form of a proboscis that can be retrarted and eoneea.l 
cleft of the under side of the head. The metamorp. 
very great, the larvae bearing 'no rcsemblanve whuleve 
perfect Insects, but being usually footless grubs or m 
frequently the head is indnstinet, snudl, (md /v 
Fupa variable, either e/xposeal and rather hard, 
appendages of the body more or less adherent ; or 
in a scaly capsule looldng like a> seed-, and when eu 
soft and deliecde, with the apgyeMduyes 'not fastenea 
body incapable of movement. 

This definition of the Diptera, or two-winged ilioH, k 
without reference to the fleas, which art^ winglesB, or U 
other parasitic wingless Diptera, such as the sheep-tick A: 
the Order is of enormous extent, these exceptional e-fj 
remarkably few. ‘ About 40,000 species of Diptera lia^ 
discovered, but these are only a tithe of what are still ui 
to science. The Order is not a favourite one witli entoiiK 
and by the rest of the world it may be said to lie d 
Flies do not display the sort of intelligence we upi 
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or the kind of beauty we admire, and ;ts a- I'ew of tlui 
creatures somewhat annoy us, tlie wlioie Order is oidy too 
frequently included in the category of nuisaiu'es tluit we must 
submit to. Moreover, tlie scavenger-habits that are r(.*.vea.h‘,d, 
when we begin to study their lives, are very repugua,iit to ma,n}^ 
persons. It is therefore no wonder that flies are not ])opula,r, 
and that few are will- 

tlieless, Diptera 1^‘^ve ® ^ 

the ^highest "of Insects 

is certainly in ttiem ' 

that the processes of a 

are car riecl on with the o | 

that- the phenomena 

of metamorphosis have ^ ^ . 

. 1 * ^ 1 Fio.212. — A Dipicnm (Kmri. Syrp]ii(la<o* /’//yv/,9r>- 

becn most perfected. cArma, Britain. A, Adult liirvji ; B, tlic pupjirium ; 
A maggot hatching c, nymph, cxteicted from pupa; D, inuiK'). (From 
^ eo ^ ^ IT Weyeubergh.) 

from an egg, is alile 

to grow with such, rapidity that tlie work of its life, in tihis 
respect is completed in a ftAV days ; then forming an inqxuui- 
trable skin it dissolves itself almost com])let(ily ; solidifying sub- 
sequently to a sort of jelly, it in a few days nu'-onstructs its(ilf 
as a ])eing of totally diffcirimt a,])p(,‘arance and habits, in all 
its structures so profoundly changed from what it was that th(i 
resources of sciencti are sev(‘,rely taxed to demonstrate any 
identity of the organs of the two instars. 

A good study of the comparative anatomy of Dijjtera, Inis mwin* 
l)een made; Karon Osten Sackem, one of nur most acx'OTnplislKul 
Dipterologists, lias recently stated that the external cliara,cters 
of the Biptera liave as yet Ikhui veay insnfliciently Htudi(‘d.” 
We shall therefore only trouble the stiukait with a few obse.rva,- 
tions on points of structure that are of s])ecial importaiKui, or 
that he will find frejpiently allude<l to. The head is reinarkahh^ 


Fio.212. — A Dipicnm (Fmri. Syrp]ii(la<0* (JhelhiHhi r/n'i/so- 
CAmia, Britain. A, Adult larva ; B, tlic puparium ; 
C. nymph, extracted from pupa; D, imago. (Fr(nn 
Weyeubergh.) 
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for its mobility, and is connected witli. the tlionix ])y a. slender 
concealed neck that permits the liea,(l to undergo semi -rotation. 
A large pa,rt — sometimes nearly the wliole — of tlie exposed snr- 
fiice of the liead is occupied by the faceted eyes. It is nsimlly 
the case that the eyes are larger in the male tlian in the female, 
and the sexual discrepancy in this respect nmy lie very great. 
When the eyes of the two sides meet in a coadapted line of union 
the Insect is said to be '' holoptic,” and when the eyes are well 
separated “ diclioptic.” ^ The holoptic condition is specially char- 
acteristic of the male, but in some forms occurs in Imtli sexes. 
There is no definite distinction between holoptic and dichoptio 
eyes. The eyes may be enormous, Tig. 238, without actually unit- 
ing, and in the cases where actual contiguity occurs, it takes place 
in different manners.^ The eyes are frecpiently during life of 
brilliant colours and variegate with stripes or spots ; this con- 
dition disappears speedily after deatli, and it is uncertain what 
the use of this coloration may be.*^ Tlie eyes are iTecpiently 
densely set with hairs between the almost iumimerable facets. 
These facets frecpiently differ in size according to tlieir position 
in the organ. The curious double eye of the male MIno (cf. 
Tig. 224) is well worth notice. There are usually three small 
ocelli placed very near together on the middle of the summit of 
the head. 

The antennae are of considerjible importance, a,s tln^y offer 
one of the readiest means of classification. The families ];)lace.d 
by systematists at the commencement of the Order have antennae 
similar to those of the majority of lirsects, ina.smuch as tliey 
consist of a series of segments approximately similar to one 
another, and arranged in a linear manner (Tig. 213, A). The 
number of tliese joints is never very great, l)ut readies sixteen 
iri certain Tipiilidae, and falls as low as eight in some Bibionidae. 
In certain cases where the antennae of the male are densely 
feathered {Ckh^ommius, e.g.), the num])er of joints is in that sex 
greatly augmented, but they are imperfectly s^iparated. Tliis 
form of antenna gives the name Neinocera to the first series of 
Diptera. The majority of flies have antennae of another form, 

^ Osten Sacken, Tr, cut. Soc, London, 1884, p. 501, and Berlin, e/nt. ZeiiscJtr. 
x.^xvii. 1892, p. 423, etc. 

^ Osten Saekcn lias recently discussed the intermediate conditions, and proposed 
the name ^ ‘ some of them, Berlin, ent. 7n'/Usekr. xli. 1896, p. 867. 

^ Girscdmer, Berlin, ent. Zeitschr. xxxi. 1887, ]>. 155. 
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[)Ociiliar to the Order, viz. tlirei^ segiu(‘.nts, lh(^ outer oiu^ of 
wliich is of diverse roriii, a.('('ording' to th(3 genus or sjM*.('i(;s, u,ii<! 
l>eHrs on its iTont a, tine ])rojeeting ])i*istle, rr(‘.(|u(uitly r( 3 a,th(uv.d, 
as in Fig. 213, F; and often distinctly divid(‘.d into two or nior<3 
joints. This form of aaitenna is found in the s(vries Asc.hiza, and 
S(dnz()])hora ; it is well exeni])litied in theeoinnion liouse-dy, wh(u*<i 
the organs in question hang from the forehead, a. nd arc^ ])]aced in 
a hollow formed for their reee})tion on the front of tlu3 h(‘.ad. 
-Flies with this form of anteniuui are called Atheric.erous. B(*tw(ain 
the two forms of antennae we have mentioned tlierci exists wluit 
may, speaking roughly, be called an iuterinediate condition, or 




Fig. Antennal*, of A, two antennae of (iUtpliympimi pic.fa (Myc*.(*to- 

pliilidati) ; B, antcnnia of 11 exaU^nut fH'UuamH ; C, <)i A^hIIiih crahrimif(yrndH 

(AHilidae) ; D, of Lc.pti.s scnfupanut. (Le|)ti<la(*) ; E, of DolicJmpvH unduhiim (Doli- 
chopidae) ; F, of Volucella ho'mffi/lans’ (Syrjdiidae). (After Wandolleek.) 

rather a variety of intermediate ('.onditions, asso(dati3d in tint 
s(*.ries llrachycera fFig. 213, 1> to T)).^ Here iliert*. ar(*> thnai 
(sometim(‘.s one or two) si/gments and a, terminal a,pj)(3uda,g(q 
but tli(3 a,ppendage is usually (*om])oiiiid (ol‘t(*.n so distinctly c-om- 
pound that it is {3vi(lently a seri<3S of pa.rtia,Ily, or even (^omjilc^tiVly, 
si3parat(3 joints, Fig. 213>,1V): th(3 a]>p(‘ndag(‘. in th(‘S(i (3a,H(3S is ter- 
minal, that is to say it is placed, not as in the Eiunyiidaxi on the. 
front of the joint that hears it, l)ut (in tlic^ great majority of 
l>rachycera) at the tip thereof; tins a])ptmdage is oft(‘.u C(>ni(3al 
adul jaunted, oftcjii hair-likaj. Exceptional forms of ant(ama, are 
fcnmd in the parasitic fli(%s of the series Jhijiijiara. In the ()rd(!r 
generally the two l)a.sal joints of tin*- autennaci are evideidJy 
distinct in function from the othei\s, and form the '' scajx^ ” ; tin*. 

^ It may well tnrnmark that ilii.s nama was fonimrly appli(td to all l)i}dnni 
NcnuauTa. 
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part of the antenna beyond the scape is called the “ ilagclluni ; 
an appendage of the 'flagellum is called '' arista ” wlieii Indstlc*- 
like, when thicker “style.” In the basal joint of tlie antenna, 
there is a complex nervous structure known as Jolinston’s oi-ga n. 
It is specially well developed in Culex and (Jlhironoinv^i, and is 
larger in the male than it is in the female. Child has foimd 
something of the kind present in all the I)i])tcra he lias 
examined, and he considers that an analogous structure exists in 
Insects of other Orders. He thinks it is concerned with the 
perception of vibration, there being no sharp distinction 1)etw(ieu 
auditory and tactile sensation.^ 

About one-half of the Diptera possess a peculiar stiaicture 
in the form of a head-vesicle called “ptilinum.” In the iiy 
emerging from the pupa this ajDpears as a bladder-like expansion 
of the front of the head ; being susceptible of great distensitm, it 
is useful in rupturing the hard shell in which the creature is then 
enclosed. In the mature fly the ptilinum is completely intro- 
verted, and can be found only by dissection ; a little spa,ce, the 
“lunula,” just under an arched suture, extending over tlie point 
of insertion of the antenae remains, however, and offers evidiuKUi 
of the existence of the ptilinum. This structure is also of 
importance in classification, though, unfortunately, it is difficult 
to verify,^ 

Ho point of Insect morphology has given rise to mow, differ- 
ence of opinion than the mouth of Diptera ; and the sulyV.ct is 
still very far from being completely understood. The amitomy 
and morphology of the mandibulate Insect-mouth are compara- 
tively simple (though not without greater difiiculties than nw 
usually appreciated) ; and it has been the desire of morphologists 
to homologise the sucking mouth of Diptera with the l)iting 
mouth ; hence the view that the appendages of threes segments 
are separate and distinct in the fly’s mouth is taken for grauited, 
and it is further assumed that some of the secondary parts of the 
appendages of the biting mouth can also be Tecoguised in the 
sucking mouth. The anatomy of the mouth-parts i^ howevtu*, 

1 Zool. Anz. xvii. 1894, p. 35, and Ann. Nat. Hist. (6) xiiL 3894, p. 872 ; ZHtsehr. 
wiss. Zool. Iviii. 1895, p. 475. 

Cf. Osten Sacken, Berlin, cut Zeitsekr. xx.xviii. 1893 ; and Beclier, Wien. eni. 
Zeit. i. 1882, p. 49, For an account of the condition, with dia^^ranmiatic figuroH, 
of the fly emerging from the pupa, cf. Sasatti, J. Coll. Japan, i. 1887. p. 34 ' 
pi. vi. 
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subject to great diversity of structure witliin tlic limits of' the 
Order itself, even the two sexes in some species dildn'ing pro- 
foundly in this respectd In the majority ol the iamily Oestrida.e, 
the mouth-parts are practically absent, and no d(3 finite (uitry to 
the alimentary canal can be perceived (Fig. 245). 1 Upsides this 
condition and its antithesis (Fig. 214), the complex assemblage 
of lancets seen in the Ereeze-tiies tliat draw Ijlood, therti is a 
great variety of other anatomical conditions. 


Fra 214.— Mouth -i»aris of 
tlio coniiiioii hlood-ffiu'.lc- 
iii|^ liy, lUtmudopotn 
plaviaLift ?. A, Viewed 
from hunentli, tlie pro- 
hosci.s removed ; a 
labrum ; b, cultelli 
(minidihlcH of other 
juiatoiiii.stK) ; o, Cy Hcal- 
pella (inaxillac of other 
fui}itoiiiii.stK) ; d, part of 
ventral Hcutimi of second 
ineUiinere ; e, P^^'ts 
of palpi ; f/y hypopluirynx 
ami pellucid nalivary 
<liK;t ; Jiy salivary rec.cj)- 
taele ; i, salivary duct ; 
/r, membranous part of 
sccoiul mctamcrc ; I, 
pharynx : B, lahrum, 
pharyiix, liypopharyn x, 
separated, .seen from 
A. B C heneatli ; labnim ; 

bypopharyiix ; c, salivary duct ; dy pliarynx ; e, protrae.tor musch^H : C, prohosci.s 
(labium) from ])eneath ; a, scutum irroboscidis ; c, Cy laljclla ; </, retractor musekss. 

(After Meinert). 



Although, as we have said, great diversity of opinion 
exists, yet on the whole tlie majority of Dipterologists accept a 
view something to the following effect:- — the ]al)rum, or the 
labrum combined with the epipharynx, is freiiuently much pro- 
longed ; the tongue — hypopliarynx — may also be mu(4i prolongtid, 
and may form, in apposition with the lalrruin, a more or less im- 
perfect tube for ingestion of the nutriment; the labium is more 
or less membranous or liesby, and acts as a sheathing organ, its 
tijis — called labella- — being in some- cases develo})ed to a <|uite 
extraordinary extent. As to the other parts of the mouth there 
is less agreement; the pointed oi’guns (Fig. 214, A, h h) arti l>y 


^ It is frequently .said tJiat one .sex of a niugle, species may be dimorphic in this 
respect, but vve .sliall subsfujuently mention (in Blcpharoceridae) that this is not 
yet sufficiently established. 
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many identified as mandibles, while another pair ot ];)ointed ]>rO” 
cesses (c c) are considered to be parts of a imixilLi,, and tlie ])aJpi 
(//) some considei'ed to be maxillary palps. Tlie Danish 

entomologist, Meinert, has published tlie best ajiatomical descrip- 
tion of many of the diverse kinds of Dipterous mouth.* lie, 
however, takes a different view of the morphology; he, eonsiders' 
that not only may parts of the appendages of the mouth lie niiicli 
modified during the early stages of tlie individual developuHnii/, 
but that they may be differently combined, even parts of the 
appendages of two segments being brouglit together in intimate 
combination. He has also pointed out that the mandibiilate and 
sucking mouth are mechanical implements constructed on op].)osed 
principles; the main object of a biting mouth being the fixing 
and perfecting of the articulations of the mouth, so that great 
power of holding may be attained with a limited luib definit(‘, 
power of movement. In tlie sucking mouth the parts are in- 
timately associated for simple protrusion. Hence the two kinds 
of mouth must have been distinguished very early in the 
phylogeny, so that we must not expect to find a grciit corre- 
spondence between the parts of biting and sucking mouths. 
He apparently also considers that not only the appcndagcjs of 
a head-segment, but also part of the body of the segment, may 
be used in the construction of the mouth-organs. Meinert’s 
views allow a much greater latitude of interpretation of the parts 
of the Dipterous mouth ; had he contented himself with enun- 
ciating them in the manner we have followed liim in summarily 
describing, they would have been recognised as a formidable 
obstacle to the facile adoption of the ordinary views. He has, 
however, accompanied his general statement witli a particular 
interpretation and a distinct nomenclature, neither of wliich is it 
possible to adopt at j)resent, as they have no more justification 
than the ordinary view. So that instead of one set. of doulitful 
interpretations we have two." In so difficult a question as homo- 
logising the trophi of different Orders of Insects we ought to use 

^ Fluernes Ifwiddcle, Copenhagen, 1881, 91 pp. 6 plates ; Fnt. Tidskr. i. 1879, 
p. 150 ; Becher having given {Denh Ak. Wien. xlv. 1882, j). 128) an inttsrpreta- 
tion different from that of Meinert, this author set fortli his general views in 
Zool. An::, v. 1882, pp. 570 and 599. 

^ The reader sliould not suppose that tliere are only two views as to the DipterouH 
mouth, for actually there are several ; our ohject is Iku'b only to give a general idea 
of the subject. 
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♦ •\h,ius! i\ (‘1\ <‘\cr\ iiiclliod oj iiujuiiy; juid rroiii Lhis oC 

vi.‘\v th.‘ (hn-Hopinml is of greut iin])(>rta,nco. This lia,s, lio\V(‘V(‘r, 
as vrl thrown hut little iiglit on the subject, this study ])eine a 
\«‘r\ diilirtdt, <HH‘ owiiu^- {,o the profV)uii(l cliaiigUMS that tala^, ])lax'e 
dining iiitdauKH’pliosis, diversity of the parts iii the ea,rly 

>tag<‘s o{ I)ipt(‘ra, and t.ln^ possibility that the Icirval conditions 
nia v fheiusidves luive ht*en g*r(^atly changed in the course of the 
ph\log<‘iiy. Miall iniorius us, however, that \\i CldrcnMyniii^ 
as in (U\rv(hra the n(*\v parts of the juouth of tlie imago aav, 
d«‘V«‘lo{H‘(l within lhos(‘ ol tlie larvaJ Tin's may permit of an 
jd(‘iif ilieation o{ ih<‘ main divisions of the mouth, at any rate in 
llitaso ('ases. Lowne has to some extent traced tlie dev elopuuvnt 
in the hlowtly, and In* do(!s not agree with the usual interpreta- 
iion of {Ii(‘ parts in tin* adult. 

d he mouth is of eonsidcmahle importance in tlie classification 
of ftiptrra. Till* X(‘mo(*era, aa'e remarkable from the linear de- 
velopment and liexihility of the palpi, which are nearly aj ways at 
least three - m' lour-jointed : this condition occurring in no other 
Ihpiora. The palpi attain an extraordinary development in some 
<hilieiilae; in the genus they are nearly as long as 

I he Ijody. and project in front of the head after tlio fashion of 
I lie palpi of Lepi(lopt.era,. In the llrachycera the sclerites or 
hard parts of the moutli rea.eh a niaxinmm of developiment, and 
in Tahanidae (Fig. Nemestrinidae and Eornhyliidae are 

fiften tpdie ilispriiportionate to the size of the Insect. In many 
fd’ lh(» Kmnyiid Hies die. .soft parts are greatly developed, and 
eapahle of a variety of movement, tlie jiroboscis as a whole being 
piolriisihli% and liaving a,n (dhow-joint in the middle. 

d1«e thorax is remarkaJih*. from tlie alisence of distinct separa- 
iJoii into thf», three divisions that may usually he so easily dis- 
I iiigiiiHheil in Iiiseids, Th(3 perfect combination of the three 
^egmeiits adds mucli to the. difficulty of arriving at general con- 
oliiHiiiiLH m to da* identification of tlie parts; hence considerable 
ilithmeiiee of opinion ntill priwails. It was formerly sxippiosed 
I hat It segment, from the. alxlomen was added to the thorax of 
Ilipiem as it in in Hynnvnoptera, but this has been shown by 
Jtriiii«*r to lie erroneouH. Indeed, according to Lowne, the abdo- 
iiiiiiiil eavity in increased liy the addition of the .small posterior 
men of die thouix ; it being the mesophragma that sepxarates the 
‘ 7V. /.#///#. .Vmc. Lomlon t'J) v. 1892, p. 271. 


DIPTERA 




446 


second and third great diA'isions of* tlui ])ody-cavitj. The pro- 
thorax is always small, except in a few of the abnormal winghiss 
forms (^Melophagu^^ ; in Nycterihia (Eig. 248) the mesotliorax. 
forms the anterior part of the body; the head and siicii parts oi 
the protliorax as may be snl)se([uently discovered to exist hiring 
placed entirely on the dorsum of the l)ody. The mesotliorax in 
all the winged Diptera forms by far tlie hirger portion of the 
thoracic mass, tlie prominent part of it, that projects ba,ck\va,rds 
to a greater or less extent over the base of the alidonieii, ludiig 
the scutellum. The first or protlioracic stigma is remarka,bly large 
and distinct, and is by some called mesothoracic. Another hirge 
stigma is placed very near to tlie halter (or lialaiicea*) ; the inef^i- 
thorax being very small. An imperfect stigma is said by i.owne. 
to exist in the blowfly near the base of the wing. Thti 11 umber 
of abdominal segments externally visible is very diverse ; tli(*re may 
be as many as nine (in the male TiiyukC), or as few as fivi*, or e\'en 
fom% when the basal segment is much concealed; the diminu- 
tion is due to certain segments at the extremity being indrawn 
and serving as a sort of tubular ovipositor in the female, or curhal 
under the body and altered in form in the other sex, so us to 
constitute what is called a '' hypopygium.’' In the h*mah* of 
Tipulidae the body is terminated by some horny ])it‘.c.es l‘orming 
an external ovipositor. In nearly all Diptera the f(!(d aiH*. five- 
jointed ; the claws are well developed, there being placed undc*r 
each of them a free pad or membrane, the '' pul villus ; there may 
be also a median structure between each pair of claws, of diverse 
form, the “empodium.” 

On the surface of the l) 0 (ly of many flies tlune will lx*, neen 
an armature of pointed bristles; tliese flies are calhal “clmi*t(>- 
phoroiis^'; where no regularly arranged system of such hristlijs 
exists the fly is “ eremochaetous.” In some families th(‘, jirraugc- 
ment of these bristles is of importance in classifi cation, and a 
system of description has been drawn u]) by baron Osten 
Sacken : this brancli of descriptive entomology is kriown m 
chaetotaxy.^ 

The wings are of great importance in classifying Diptera : 
but unfortunately, like the other parts, tliey have not receiv(‘dan 
exhaustive anatomical study, and Ilipterologists are not figrwal 
as to the names that should 1)6 a])])lie(l to their parts. Wb give 
^ 7V. cut, Soc. Xondufi, 1884, p. 407. 
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below figures of two systems tliat hitve ])eeii used liy (‘iiiiiKuit 
Dipterologists for the description of the nerviires and c(41s. TIk*, 
comprehension of tliese features of tlie Dipterous wing will be i'aeili- 
tated by noticing that the wing— being extended at right angles to 
the body — is divided by the longitudinal nervuresinto twogn^at 
fields, anterior and posterior, with an interval hetweeu tliem : 
this interval is traversed only hy a, short cross-vein (marked x in 
Fig. 215 A, and i in B). This cross- vein may be placed near* the 
ha,se or nearer to the tip of tlie Aving; it is of importance hecaaise 
no nervure in front of the median area traversed 1)}" it can cnrre- 

^ Fig. 215. — Kervnration of Dipterous 

'vviiig. A, Wing of a Tipulid, accord- 
ing to Loew, wlio uses tlie following 
nomenclature : «, costal nervure ; b, 
niediastiiial ; c, subcOvStal ; d, radial ; 
c, (tul)ital ; /, discoidal ; //, postical ; 
li, anal ; i, axillar ; a;, traiisv(4rse, 
?/, X)osterior transverse, nervure ; 
1, 2, nie<liastinal areas ; 3, siiV)- 
costal ; 4, cubital ; 5, anterior basal ; 
6, posterior basal ; 7, anal ; 8, pos- 
terior marginal ; 9, discoidal. B, 
Wing of an Acalyx)terate Muscid 
{Ort(dls\ according to Scbiner, who 
uses the following nomeiudature : 
(nervnres, small letters ; rndls, ca])i- 
tal letters) : g., transverse shoulder ; 
/>, auxiliary ; c to //, first to sixth 
longitudinal ; /, mitldle transverse ; 
posterior transverse ; m., 9/, o, 

costa ; anterior basal transverse ; (j, i)osterior basal traiisvc^rse ; r, rudiment of a fourth 
nervure ; s, axillary iiieisiou : A, B, C, lirst, second, ami third costal cells ; D, marginal ; 
E, sulj-marginal ; F, Gr, H, first, second, and third |)Osterior ; I, discal j K, L, M, first, 
se(!oml, ami tliird basal cells ; N, anal angle ; 0 , alula. 
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spoiid witli a nervure yilaced l)(diiud, it in anotlier wing. The 
veiy diflcrciit nature of tlie nervuratiDu. in tlie two wings we hav(*- 
ligured will K^adily lie appreciated liy an inspection of tlie parts 
posterior to the little cross- vein. On the hind margin f)f the 

J wing, m^ar the base, there is often a niorii or less free lobe (Fig. 

i 2 1 5, B, 0) calleil the ahda ” : still n(‘.arer to the base, or placed on 

I the side of the Ixidy, may l>e seen one or two other lobes, of which 

1 the one nearer the alula is called the '' tegula,’' or (when a 

lolie l)ehind it is also present) the 'Aipper tegula,” (the ''anti - 
tegula of Osten Sacken) ; tlie other l)eing the " lower tegula.'’ 
These two terms are erroneous, the word tegula being definitely 
. applied to sdiother part of the Tnsect-hody. In speaking of this 

structure in the following pages, we have preferred to call it the 
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“ S( [llama. ” ’ Those Miiscidn.o in which tlui S(jii;nii;i <‘(fV<Ts Hk* 
halter like a hood a, re called “ ealypteral (*.” lii -Ifl, uc 

re])res(Oit tlHiS(‘ sti*ue( u res, and in 
the ex[)la,iia.tion ha.V(‘ iikoiI ioni*d f hr 
syuoiiyius. The terms w(‘ ihiiik 
most a])])lieahle to the tlirci* h>hi*s 
a.re alula., anta’s([uanui, s<juaiiia. I'hr 
S(|iiaiiia. imiy Ik*, called “calyptcr” 
when it cov(‘.rs tin* haltei-. 

}ialter(‘s ('ommonly calh*d 
Fig. 216. — Parts at the hasti of the*. l)a,la.n(*(‘-rs or ]>oisers ar<* pei haus 

angle or lobe of the wing; h, lh(* most ('ha raelKO’lsf ic all tin* 

alula; e, autis(iiiama, squama ] )ipter0US stnudanes, though tllCV are 
alaris, or aiititegula ; squama, . , , ' . ' 

squama til oracicalls, tegula, ealy- a.bseut 111 lllost/ ol t/ln.*! f«*W Wllliiless 
pter, or calyptrou; r po.to- jj„, Jjj,,. 

extremity (scutelluin) ot the*. ^ ^ ‘ 

mesothorax ;/, scutum of meso- ter<l siiuilaj* oi’^aJlS appear t n exist 

only ill iiiahi (!oc('ida(*. The pair d’ 
halteres is placed on tlie metathorax, oiui on ea.e!i of t he pleural 
regions. They are lielieved to he tin*, iioinologues of the hind 

wings; Weill land states ^ that certain camals (*xist ing in { in* interior 
of the haiter correspond to wing-nm-vures. The halh'r may he 
described as a small rod-like body with a. }n*ad Iik«* a pin, lids 
terminal part being, how(*.v(‘.r, ra.ther variahh* in idria. We 

have already stated that in ma,ny l)ipt(‘ra, tln^ .s(|intimi foriuH a 
hood, the position of which leads to tin* hehh*!’ that it is an 
important adjunct to the halt(‘.r. Altlioiigh t.In* exact funeti*UiH 
of the halteres are far from clear, it is cc‘.rtaiu that, they are 
highly complex bodies, of e.xtreinc*ly (leli{*ate. structure: tljey are 
doubtless sense-organs, possessing a,s tln*y do, groups <»r papillae 
on the exterior and a chordotonal organ (a struct un* for asHist 
ing the perception of sound) in tln^ basal part; each halter 

is provided with four muscles at tin; hast*, and can, liki* tin* 

wings, execute most rapid vilirations. H(*(dng that Ihev are the 
homologues of wings, it is a remarkable fact that in no IHptera 
are they replaced by wings, or by stni(dure.H inU*rnie«iiate lad ween 
these two kinds of organs. 

Internal Structure.— -Information about tin* iiit(*rnal Hiiaioiiiy 

^ Osteii Saclnm, althougli making uh«‘, of Uic. tcniiH anti .lunirgitti, 

suggested tlu*. projjriety of using stjuama and aiitiH(|Uiuna, m we Imw 
Zeiischr. wm. 7tvuL li. 1891, j>. 55. 
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is hy no means extensive. The tmcliecal system is liighly developed, 
and lias air-sacs connected with it ; a larg*e pair at the base of 
the abdomen being called aerostats by Diifonr. Inside the 
tlioraeic spiracles there are peculiar strnctnres supposed liy soukj 
to be voice-organs, while the abdominal spiracles are said to ].)e 
remarkably simple in structure. Lowne says that tliere arti ten 
or eleven pairs of spiracles in the lllow-Hy ; one of these, near 
the base of the wing, is peculiar in structure, and may not bo 
a true stigma; he calls it a tympanic spiracle; it seems doubtful 
whet li or there are more than seven abdominal pairs. The alimen- 
tary canal is very elongate, and is provided with a diverticnliim, 
the crop; this is usually oiillcd tlie sucking stomach, tliongli its func- 
tion is extremely doubtful. The Malpighian tubes are four in 
number, and iarc very elongate ; in several groups of Neinocera 
there are, however, five Malpigliian tubes, a number known to 
occur in onlf very few other Insects. Tlie nervous system is 
remarkaljle on account of the concentxation of ganglia in the 
thorax, so as to forma thoracic, in addition to the usual cephalic, 
brain. For particulars as to the positions of the ganglia and the 
great changes that occur iii tlie lifetime, the student should 
refer to Brandt, to Klinckel, and to Braiier.^ Much infonnatioii 
as to the internal anatomy of the Blowfly' is given hy Lowne, luit 
it is doubtful to what extent it is applicable to Diptera in 
gei\er<i].“ 

The larvae of IHptera are — so far as tbe unaided eye is 
concerned — without exception destitute of any kind of adorn- 
ment, the vast majority of them being of the kind kiujwn as 
maggots, blone of them have 
true tlioracic legs ; though in 
the earlier groups, pseudopods 
or protulierances of the Ijody 
tfiat serve as aids in locoino- Fio. 217- — Anephnloiis krvu or nuigiifot of tlifi 
tLou are eoiiiiuoii. Unlike Wow-fly^ the teul. «, exteauM 

wliat occurs in otlier Orders. 

the arrangement of these pseudopods on the body differs greatly 
in variouB forms ; in a few cases they are surmounted l)y 

Bruudt, Home Hoc. ent. Jtosn. xiv. 1878, p. vii. ; xv. 1879, p- 20. Biuner, 
DenL Ah. IHicn, xlvii. 1888, pp. 12-16. Kiiuckcl, CJi. Ac. Paris, Ixxxrx, 1879, 
]). 491. 

Miaw-fljf, ISDu: in two vols. For Anatomy of VoluceUa, him; Kiiuckol 
. (rilcroulais, Jlechcrchcs rorg. dcs Voliicelles, Paris, 1875 and 1881. 
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curved hairs. The most important distinction in external form 
in Dipterous larvae is that while those that are thorough maggots 
possess no visible head, others have a well-marked one (Fig. 
225 ); these are therefore called '' eucephalous ” : they iiaye a 
mouth of the mandibulate type. In some other Dipterous larvae 
the head is more or less reduced in size, and in the acephalous forms 
there is only a framework of a few chitinous rods to represent 
it. The nervous system in the most completely headless larvae 
is very remarkable, all the ganglia being concentrated in a single 
mass placed in the thorax. The tracheal system exhibits a great 
variety ; some larvae have stigmata arranged along the sides of 
the body after the fashion normal in Insect-larvae ; these are 
called '' peripneustic ; as many as ten pairs of stigmata may be 
present in these cases, but nine pairs is much more common. 
Other larvae have a pair of stigmata placed at the termination of 
the body, and another pair near the anterior extremity, the two 
pairs communicating by large tracheal trunks extending the 
length of the body ; these larvae are said to be ampliipnenstic ” : 
this is the condition usual in the more completely acephalous 
larvae. Others have only the terminal pair of spiracles, and are 
styled "" metapneustic.'" Some begin life in the metapncmstic state 
and afterwards become amphipneustic. In the afpiatic larva 
of Corethrcb there are no spiracles, though there is an imperfect 
tracheal system. Many Dipterous larvae that live in water 
or in conditions that prevent access of air to the Ijody have 
remarkable arrangements for keeping the tip of the body in 
communication with the atmosphere. The stigmata in meta- 
pneusticand amphipneustic larvae are very rernarkable compound 
structures, exhibiting however great diversity ; their pecuharities 
and uses are not well understood; it appears very (l(>u])tful 
whether some of them have any external opening. Eeference 
may be made, as to the variety of structure, to Meijercfs paper ^ 
from which we take the accompanying figure of a posterior 
stigmatic apparatus in Lifwra lucens. It appears tliat there is a 
compound chamber — " Filzkammer terminating externally in 
lobes or fingers — '' Knospen and appearing as marks on the 
outer surface : this chamber is seated on a tracheal tube, and is, 
Meijere thinks, probably a secondary growth of the trachea 
coming to the outer surface. It is traversed by what may be 
^ Tijdschr. Ent, xxxviii. 1895, pp. 657-100. 
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stigma of tlie larva of JAi)’ 
ara Ince^is. One of the 
three “ Kuosj^en ” or lobes ; 
hj external stigmatic scar ; 
6 % internal scar ; d, stig- 
inatic chamber (Filzkani- 
iner) ; e, trachea. (After 
Mcijere.) 


considered the original tracheal tube, opening externally as an 
external stigmatic scar — “ Stiginennarbe ” — and with a second 
or inner scar placed internally. We may 
conclude from what is already known 
that these structures will be found to 
differ in the same larva according to the 
stage of its development. 

An extremely valuable summary of 
the characters and variety of Dipterous 
larvae has been given by Brauer/ from 
which it appears that the larvae of tlie 
hrst half of the family exhibit great 

variety and have been much studied, ^10. 218.— The posterior 
while tlie more purely inaggot-like forms 
of the Muscidae have, with one or two 
exceptions, been little investigated. 

Tlie pupal instar is of two distinct 
kinds. First, we meet with a pupa like that 
of Lepidoptera, viz. a inumrny-like object, 
or pupa ob tecta, in which there is a crisp outer shell, formed 
in part by the adherent cases of the appendages of the future 
imago. This condition, with a few exceptions to be subse(:|uently 
noticed, obtains in tlie Nernocera and Brachycera. It is exliibited 
in various degrees of perfection, being most complete in Tipulidae ; 
in other forms the shell is softer and the appendages more pro- 
tul)erant. The second kind of pupa is found in the Cyclor- 
rhaphous Hies ; it has externally no marks except some faint 
circular rings and, frequently, a pair of projections from near 
one extremity of the body ; occasionally there is a single pro- 
minence at tlie other extremity of the body. This condition is 
due to tlie fact that tlie larva does not escajiG from the skin 
at the last eedysis, but merely shrinks within it, so that the 
larval skin, itself contracted and altered by an excretion of 
chitin, remains and forms a perfect protection to the included 
organism. This kind of pupa looks like a seed, and is well 
exemplified by tlie common Blow-fly. The capacity for entering 
on such a condition is evidently correlative with tlie absence of a 
larval head. The metamorphosis in this curious little barrel 
goes on in a different manner* to what it does in the pupa 
^ Dc'fik. Ak. JVic7i, xlvii. 1883, pp. 1-100, xds. i.-v. 
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obtecta. ’ A good name for the whole structure of this insta,r 

O 

has not been found. Older authors called it “ coai’cta.ta./’ 
or “ nympha inclusa'’; Brauer speaks of it a,s a 'O/oiupound 
pupa''; ordinarily in our language it is called a “ pupariuin," a 
term which is more applicable to the case alone. 

In species having a pupa obtecta the larval skin is cast a{t(*.r 
the chief processes of the external metamorphosis have occurrtMl, 
and then an exudation of cliitin hardens the general suidacc. 
In the “ compound pupa" of the Blow-ffy there is for a, considcu*- 
able period no formed pupa at all, but merely a. sliell or cas(^ 
containing the results of histolysis and the centres for regcuu* ra- 
tion of new organs; the chit in-exudation to the exterior of the, 
larval skin occurs in the early part of tlie series of nietaniorphie. 
changes, and the organism breaks down to a cream witliin tin*, sin* II 
thus formed, and then gradually assumes therein the condition ol‘ a, 
soft, nymphoid pupa. The exceptional conditions ])r(vviously re.- 
ferred to as exhibited by a few forms are certain cas(^s in which a, 
more or less perfect pupa obtecta is found within thc^ last larval 
skin, as is the case in Stoxctiomys. Another liighly r(‘.ma,rkahl{‘ 
condition exists in the Hessian fly, and a few other (J(‘ci(loinyiids, 
where the Insect apparently makes an exudation whitdi it us(‘s 
as a covering case, independent of the larval skin; this lathu’ 
being subsequently shed inside the case, so that this condition 
of coarctate pupa differs from that we have describcid as mxi st- 
ing in Cyclorrhaphous flies, although tlie two are sup(*rn(dally 
similar. In the Pupipara the larval stage is ])assc(l in tln^ bcnly 
of the mother, which produces a succession of yonng, nourished 
one at a time hy the secretion of glands; this young is l)uru us 
a full-grown larva that becomes at once a, pupn.. 

Metamorphosis. — As it is in Diptera tliat the ])h(‘noino,na, 
of Insect-metamorpliosis have reached their liighcst (linadojinuuit 
we endeavoured to give some idea of tlieir nature in tla.^ ])revious 
volume, therefore we need give only a brief sketch of th(‘, (diicf 
features of Dipterous metamorphosis. The Blow-fly undergo(‘H a. 
rapid embryonic development, the later stages of wdiich luv., on 
the whole, of a retrogressive nature. On tlui em(n’g(m{.a3 of the. 
young maggot it feeds up rapidly, the rapidity vaiying g!’C3a,tly 
according to circumstances, and then when full-grown resta 
While resting, a process of internal liquefaction, called histolysis, 
is going on, and the maggot contracts and exudes an excretion 
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that hardens its skin. At the time this hard skin lia,s Ixa'ome 
coinplete, or soon after, tlie maggot inside lias dissolved into a 
cream contained in a sac inside the shell ; tin's crejnn liei'onuis 
reconstituted into a fly l)y a gradual process of growth, a,n(l 
developnient of certain minute portions (jf tlui hody — the 
imaginal discs or folds, tlie histoldasts and neuroldants that 
were exempt from the histolytic process : in the ea,rly sta,ges 
of tlie reconstitution the general structure is, of course, altogcdher 
vague, and this condition — purely one of transition — is called 
tlie ])ronyniph ; the nymph lieconies gradually develoi)(al : it 
corresponds vaguely with the pupa olitecta of the early groups 
of Diptera, Imt is soft like the pupa of Hymenoptera. Tliis 
nymph gradually develops into the fly itself, the external 
parts being first completed and the internal organs elaliorated 
subsecpiently. The sexual organs do not undergo metamorphosis 
like other internal organs, there being a gradual (tliongh ir- 
regular or interrupted) growth of them in the young larva, till 
they are com]^)letc(l some time after tlie emergence of tlie perfecit 
fy. The processes in the Blow-dy have been studied by numerous 
able liistologists of various nationalities, and have recently been 
descrilied liy Lowne in our own language.^ Comparatively little 
lias been done in studying the corresponding phenomena in other 
Diptera. Weismann lias investigated the developnient of CoTeihra, 
and MiaJl tluit (,)f Ch/bTonormis. These two flies belong to a division 
of Diptera different from that which includes the Blow-fly, and 
they display a condition of tlie ruetamorphic processes allied to 
what occurs in Lepidoptera, as wxdl as to tha,t wliicli takes place in 
the Blow-fly. Imaginal folds are formed, but they only a.ppear 
much later in the lile, and they arc much less distant from the 
])ositions they will, when dcvelojied, occupy in the imago. In 
Cldfonorn/UH^ according to Miall, the imaginal folds only ajijiear 
in the last larval instar, but they grow with such rapidity that 
the legs and wings of tlie future fly can be dLstinguisbed in tlie 
larva, even liefbre pupation ; thus when the activity of the larva 
ceases hut little change is required to complete the olitected 
pupa. In the Blow-fiy some of tlie imaginal folds liave been 

^ Sinne oiir brief and iiMperfect nketch of metamorphosis apjxiarod in Yol. V. of 
this S(n'ieH, Packard has treated the subject more fully in his Text-hook of Entom>olo(f)j, 
iS'ew York, 1898 ; and Pratt has summarised the state of knowledge as to imaginal 
disc.sin Psychej viii. 1897, p. 15, etc. 
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traced back to the embryo ; how many centres for the new 
growth there may be is nncertain, for though there are upwards 
of sixty for the outer body, the number of regenerative centres 
for the internal organs is not ascertained. The peculiar central 
nervous mass, inentioned in our remarks on the larva, consists of 
two kinds of tissue mixed together in a complex manner ; one 
of these kinds is functionally active during tlie larval life and 
at the metamorphosis undergoes histolysis, while tlie other, or 
embryonic, portion develops into the nervous system of tlie fly. 

It forms no part of our task to deal with general subjects, 
but we may be pardoned for calling attention to the bearing the 
metamorphosis of the higher Diptera has on our ideas of heredity 
in Insects. The fly bears no resemblance whatever to the larva, 
and is only obtained by the organic destruction of the latter, 
which occurs before the perfection of the sexual organs takes 
place, and yet the fly reproduces itself only secondarily, but 
primarily gives rise to the totally different larva. It is supposed 
that the larval structures have been gradually acquired, and yet 
they are transmitted with the utmost faithfulness by the totally 
different fly. We can only conclude that that which is bequeathed 
in each species is the early state of a particular process of devc3lop- 
ment from which the subsequent stages follow necessarily if the 
developing organism be placed in conditions having on it in- 
fluences like to those that influenced the ancestors. 

Classification. — The classification of Diptera is as yet very 
imperfect. Formerly they were divided into two great groups, 
Nemocera and Brachycera, according to the structure of the 
antennae, as previously mentioned. This division 1ms been 
abandoned, and the term Brachycera is now applied to only a 
small part of the old section that bore the name. Tlie primary 
division usually adopted at present is into Orthorrhaplia and 
Cyciorrhapha. The characters of these two groups are based 
on the nature of the metamorphosis, and have been gradually 
elaborated by Brauer in various memoirs.^ The Ortliorrhajilia 
includes the forms with obtected pupae, the Cyciorrhapha those 
with a nymph-compound, as previously described. This distinction 
is of great importance, but unfortunately, it is difficult to apply 
to the fly itself ; the only character that can be used in counec- 

^ Monograph of Oestridac, Verh. Ges. Wtcn, 186S, and other papers op. cit. 
1864, 1867, 1869 ; also DmTc. Ak. WUn, xlii. 1880, xlvii. 1883. 
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tion witli the imago is the existence of a suture over tiie insertion 
of the antennae in a portion, but not all, of the Cyclorrhapha.^ 
The next set of divisions used by Brauer divides tlie Order into 
four sections, viz, 1. Orthorrhapha Nematocera, 2. 0. Braehycera, 
3. Cyclorrhapha Aschiza, 4. C. Schizophora. As these four 
groups are recognised more readily than the two major groups 
the student will do well at first to disregard the primary division 
and consider the Diptera as divisible into four great groups. To 
these four divisions we, however, add temporarily a fifth, viz. 
Pupipara. This is included by Brauer in Schizophora, hut it 
appears to be really an unnatural complex, and had better be 
kept separate till it has been entirely reconsidered. These 
great sections may be thus summarised : — 

Series 1. Orthorrhapha Nemocera . — Antennae with more than 6 segments, 
not terminated Ijy an arista ; with the segments of the llagelluni 
more or less similar to one another. Palpi slender and flexible, 
four- or five-jointed.^ 

Series 2. Orthorrhapha Ih achy cer a. ^ variable, but never truly 

Nemocerous nor like those of Cyclorrhaj)ha ; when an arista is 
present it is usually placed terminally, not superiorly ; when an 
arista is not present the flagellum terminates as an appendage 
consisting of a variable numl;)er of indistinctly sejDarated segments ; 
thus the flagellum is not composed of similar joints ; [rarely are tlie 
antennae as many as seven-jointed]. Palpi only one- or two- 
j'ointed.^ Around the insertion of the antennae there is no definite 
arclied suture enclosing a small depressed space. The nervuration 
of the wings is usually more complex than in any of the other 
divisions. 

Smies 3. Cyclorrhapha Aschiza. Antennae composed of not mor(‘- than three 
joints and an arista ; the latter is not terminal. Front of head 
without definite arched suture over the antennae, Init fref|uently 
with a minute area of different colour or texture there. This grouj) 
consists of the great family Syrphidae, and of four small families, 
viz. Conoj)idae, Pipunculidae, Phoridaij, and Platypezidae. The 
section is supposed to be justified by its being Cyclorrhaphous in 
pupation, and by the inernbers not posstissing a ptilinum (or having 
no trace of one when cpiitc mature). The Syrphidae are doubtless 


* Beclier, WicAi. Ent. Zeit. i. 1882, p. 49 ; for observation on connecting forms 
see Brauer, Verh. Ges. Wien, xL 1890, p. 272. 

Tlie palpi are .said to be of only one segment in some genera of Cccidomyiidae. 
The Cecidomyiidae are easily distinguished by the minute size — body not more 
than a line long— and by tluire not being more than six aervules at the periphery 
of the wing. Aikles (Oulicidae) has also short palpi. 

It is said by Schiner that in the anomalous genus Nemestrina the Jialpi are 
of three segments. 
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a natural group, but the association with them of the*. otlH*r 
families mentioned is a mere temporary device. The gr*eaii‘sl. 
difhculty is exj^erienced in deciding on a po.sition for Pliuridae, as 
to which scarcely any two authorities are agreed. 

Series 4. Cyclorrlmjpha Schizophora, or Eiimyiid dies. The anteninu‘. consist 
of three joints and an arista. In the Caly 2 ')tratae tlie frontal siitur*e, 
or fold over the antennae, is well marked and extends downwards 
along each side of the face, leaving a distinct lunnle o\’tn‘ th(‘. 
antennae. In the Acalyptrate Muscids the form of the head ami 
of the antennae vary niiicli and are less characteristic, 1jut tin*, 
wings differ from those of Brachycera I)y their much less complex 
nervuration. 

Series 5 . Pnpipam. These are flies of abnormal habits, and only found in 
connection with living Vertebrates, of which they suck the lilood 
(one sj^ecies, Braula caeca, lives on bees). Many are wingh^ss, 
or have wings reduced in size. The young are ])roducc',(l alive, 
full grown, hut having still to undergo a metamorphosis. This 
group consists of a small number of flies of which some are 
amongst the most aberrant known. Tliis is specially tlie case's wiili 
the Nycteribiidae. This Section will probably l)e greatly inoditied, 
as it is far from being a natural assemblage.^ 

The Sub-Order Aplianiptera, or Fleas, considered a distinct Order* l)y many 
entomologists, may for the 2 >rcscnt l>e jffaced as a 2 )art of I)i])t m/a. 

It must be admitted that these sections are far from saXis- 
factoiy. Braxter divides them into Tribes, based oxi the iiaturi^ 
of the larvae, but these tribes are even more unsatisfactoiy than 
the sections, hosts of species being entirely unknown in tlu^ 
larval state, and many of those that are known having Ixecm veiy 
inadequately studied. We must admit that the classificaXion of 
Diptera has at present advanced hut little beyond tlie stage of 
arranging them in natural families capable of exact definition. 
We may, however, draw attention to the attempt that is lieing 
made by Osten Sacken to remodel the classification of the iNhuno- 
cera and Brachycera hj the combination of families into supei*- 
families.^ He proposes to divide the Nemocera into two 
families; 1. Nemocera Yera, including all the families from 
Cecidomyiidae to Tipulidae ; 2. Neniocera Aiiomala, consisting of 
the small families Bibionidae, Siniidiidae, Blepharoccridae, Ivliy- 
phidae and Orphnephilidae. 

For Orthorrhaplia Brachycera he adopts the following arrange- 

^ For tables of the families of flies the student may refer to Loew, 

Misc. Coll. vi. Art. i. 1862; to Brauer, BcnTc. Ale. JVieyi, xlii. 1880, p. 110 
(Orthorrhapha only) ; to. Williston, Manual of N. American JDiptera, 1896 ; to 
Schiner, Fauna austriaca, Diptera, Vienna, 1860, etc. 

2 Berlin, ent. Zeitschr. xxxvii. 1892, p. 365, and xli. 1897, p. 365. 
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laeiit : 1. Super-family Eremocliaeta, for Stratioinyidae, I'jibauidju*,, 
Acanthomeridae and Leptidae; 2. Tronioptera., lor Neln.c^strinida(',, 
Acroceridae, Bonibyliidae, Tlierevidae, and SceiiopiiiidacL d. Entu- 
gopoda, for Asilidae, Dolichopidae, Empidae and .L()n(diopt(!rida<‘,, 
Phoridae being included with doubt ; 4. Mydaidae reniai iis is()lat(‘d. 

This classification is based on the relations of the eyi^s a,nd 
bristles of the upper surface, and on the powers of locomotion, 
aerial or terrestrial. At present it is not siiflicicntly pi'ccise to 
be of use to any but the very advanced studcnit. 

Blood-sucking* Diptera. — The habit of blood-sucking from 
Vertebrates is, among Insects, of course confined to those with 
suctorial mouth, and is exhibited l)y various Diptera. It is, 
however, indulged in by but a small number of spiades, and 
these do not belong to any special division of the Order, It is 
remarkable that as a rule the habit is confined to the female sex, 
and that a large proportion of the species have acpiatic hirvae. 
This subject has many points of interest, but does not a])p(‘.a.r to 
have yet received the attention it merits. We give below a 
brief summary of the facts as to blood-sucking Diptera,. 

Series I. Nemocera. — In this section the habit occurs in no less 
than five families, viz. : 

Blepluiroceridae. Cimqrira ; in the female oidy ; larva acjuatic. 
Culicidae. Culex^ Mosquitoes; in the female only; other 
genera, with one or two exceptions, do not siu'k blood ; 
larvae aquatic. 

Chironoinidae. Cer(ito 2 )Ogon, Midge ; in tlie hmialo only ; (‘X- 
ceptional even in the genus, though the Indut is sa,id to 
exist in one or two less known, allied genera ; larvjil Imbits 
not certain ; often aquatic ; in C, MgnmdatuH the larva lives 
under moist bark. 

Psychodidae. T/dehotomus : in fhe female only(?); quite ex- 
ceptional in the family; larva aquatic or in liquid filtli. 
Simuliidae. Smiulium, sand-flies ; general in the family (?), 
which, liowever, is a very small one ; larva aqua, tic, food 
probably mixed vegetable and animal microscopic organisms. 
Series II. Brachycera. Tabaiiidae. Gad-flies : a,pparently general 
in the females of this family; the habits of the exotic Ibrms 
but little known ; in the larval state, scarcely at all known ; 
some are aquatic. 
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Series lY. Cyclorrliapha Schizopliora : Stomoxys, HaetiuifA>lnff ; 
both sexes (?) ; larvae in dung. [The Tse-tse flies, Glossinn, 
are placed in this family, though their mode of pa-rturitioii is 
that of the next section]. 

Series Y. Pupipara. The habit -of blood-sucking is probaJjIy 
common to all the group and to both sexes. The flies, with 
one exception, frequent Yertebrates ; in many causes living 
entirely on their bodies, and apparently imbibing mucli blood ; 
the larvae are nourished inside the flies, not on the imljil)ed 
blood, but on a milky secretion from the motlier. 

Sub-Order Aphaniptera. Fleas. The habit of blood-sucking is 
common to all the members and to both sexes. The larvae 
live on dried animal matter. 

Fossil Diptera. — A considerable variety of forms have Ixuui 
found in amber, and many in the tertiary beds ; very few menib(‘rs 
of the Cyclorrhaphous Sections are, however, among tliein ; tin*. 
Tipulidae, on the other hand, are richly represented. In tlri 
Mesozoic epoch the Order is found as early as the Lias, thti 
forms being exclusively Orthorrhaphous, both N'eiriocera and 
Brachycera being represented. All are referred to existing 
families. Nothing has been found tending to connect the 
Diptera with other Orders. No Palaeozoic Diptera are known. 

Series 1 Orthorrhapha Nemocera 

Fam. 1, Cecidomyiidae. — An extensive family of ve/ry minute 
and fragile flies, the wings of which have very fev) rie/nmres ; the 
antennae are rather long, and are furnished with whorls of hair. 
In the case of some species, the antennae are beautiful olqdicts ; 
in Xylodiiglosis some of the hairs have no free extremities, but 
form loops (Fig. 220). In the males of certain species tine 
joints appear to be double, each one consisting of a neck and a 
body. Although comparatively little is known as to tlie 
themselves, yet these Insects are of importance on account of 
their preparatory stages. The larvae have very diverse hal)its ; 
the majority live in plants and form galls, or produce defor- 
mations of the leaves, flowers, stems, buds, or roots in a great 
variety of ways; others live under bark or in animal matter; 
some are predaceous, killing Aphidae or Acari, and even other 
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Cecidomyiicls. The ISTorth American TJi;plosis or.sinicola livt^s in 
the resin exuded as the results of the attacks of a caterpillar. 
The larva burrows in the semi-liquid resin, and, according to 
Osten Sacken,^ is probably amphipneustic. Cecidoniyiid larvae 
are short maggots, narrowed at the two ends, with a very small 
head, and between this and the first thoracic segment (this bears a 
stigma), a small supplementary segment ; the total number of seg- 
ments is thirteen, besides the head; there are eight pairs of stigmata 



Fio. 219 . — Oecidomyia {Diplosis) htixi. 
Britain. A, I-iarva, magnified ; B, 
pupa ; C, imago ; ]), portion of an- 
tenna. (After Lalmulbene.) 



Bio. 220. — One Hegmcnt of an- 
tenna of Xylodi'plosiH s]>. ; 
Tip of one .segment ; h, l)ase of 
another. ( A fter J anet. ) 


on the posterior part of the body. Braiier defines the Cecido- 
myiid larva thus, peripneustic, with nine pairs of stigmata, the 
first on the second segment behind the head ; two to nine on fifth 
to twelftli segments ; body as a whole . fourteen - segmented 
without a fully-formed head.’’ The most remarkable peculiarity 
of Cecidoniyiid larvae is that those of many species possess a 
peculiar organ — called breast-bone, sternal spatula, or anchor- 
process — projecting from the back of the lower face of the pro- 
thoracic segment. The use of so peculiar a structure has been 
much discussed. According to Griard,- in addition to the part 
^ Tr. Amer. cut. Aoc. iii. 1871, p. 845. JBidl. JSoc. mi. France, 1893, p. Ixxx. 
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that protrudes externally, as shown in Fig,. 21 9, A, tliere is a ioiigivr 
portion concealed, forming a sort of handle, Iniviiig miiscL^s 
attached to it. Some of these larvae have the j)ower f )f ex(*,ciiting 
leaps, and he states that such larvae are provided on the tcirniiiial 
segment with a pair of corneous papillae ; bending its<Jf almost 
into a circle, the larva hooks together the ])reast~])one and 
the papillae, and when this connection is lirokeu the s])ring 
occurs. This faculty is only possessed by a few spec'ies, and it 
is probable that in other cases the spatula is used as' a, niea,ns for 
changing the position or as a perforator. Some of tlie la,r\'a,e, 
possess false feet on certain of the segments. Williston says 
they probably do not moult. In the pupal instar (Fig. 210, F>), the, 
Cecidomyiid greatly resembles a minute Lepid()})t(n'fjus pu|)a. 
The Hessian liy, Geciilomyia destructor, is frapiently extrimuly 
injurious to crops of cereals, and in some parts of the world 
commits serious depredation. The larva is lodged at the point 
where a leaf enwraps the stem; it produces a wcakn(‘,ss of tht‘, 
stem, which consecpiently bends. This Insect and (1 tritiel (tlu^ 
larva of which attacks the flowers of wheal) pupate in a ver\' 
curious manner: they form little compact ca.ses like. Hax-s(a*ds ; 
these have been supposed to l)e a form of pu])a simibrr to what 
occurs ill the Blow-fly ; but there are important distiiudions. Th(^ 
larva, when about to undergo its change, exudes a sulistanci*, from 
its skin, and this makes the flax-seed ; the larval skin itself docis 
not form part of this curious kind of cocoon, for it may 1 m^ found, 
as well as the pujia, in the interior of the “ fIax-S(‘c(L'’ Other 
Cecidomyiids form cocoons of a more ordinary kind; ono. species, 
described by Perris as living on Fimis meirit/ima, 1ms tlu! vfuy 
remarkable faculty of surrounding itself, Ijy some means, witdi a 
cocoon of resin. Walsh describes the cocoon-forming ])ro(‘css of 
certain Cecidomyiids as one of exudation and inflation ; WilliKton 
as somewhat of the nature of crystalliBa.tion. Some (kH.ddoniyiids 
are said to j)Ossess, in common with certain other Hipttnu, the 
unusual number of five Malpighian tubes; and Ciard says that 
in the larva there is only a pair of these tubes, and that tludr 
extremities are united so as to form a single tube*, whicdi is 
twisted into an elegant double loop. 

Thirty years or more ago the Eussian naturalist, Wagner, inrnht 
the very remarkable discovery that the larva of a (k^cidoniyiid 
produces yoiing ; and it has since been found liy Meinert and 
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others that this kiiid of paedogeiiesis occurs in sevciral specie.s of 
the genera Miastor and Oliyarces. The details arci Ijrielly a,s 
follows : — A female tly lays a few, very large, eggs, out of 
each of which conies a larva, that does not go on to the 
perfect state, hut produces in its interior young larvae tha.t, 
after consuming tlie interior of tlie body of the parent hirva, 
escape by making a hole in the skin, and thereafter sul)sist 
externally in a natural manner. This larval reproduction may 
be continued for several generations, through autumn, wiiit(‘.r, 
and spring till the following summer, when a generation of tlui 
larvae goes on to pupation and the mature, sexually perfect ily 
appears. Much discussion has taken place as to the mode 
of origination of tlie larvae ; Cams and others tliouglit tln.^y 
were produced from the rudimental, or immature ovaries of tlie 
p)arent larva. Meinert, who has made a special study of the 
subject,^ finds, however, that this is not the case ; in tlie repro- 
ducing larva of the autumn there is no ovary at all ; in the re- 
producing larvae of the spring-time rudimentary ovaries or testes, 
as the case may be, exist ; the young are not, however, produced 
from these, but from germs in close connection with the fat- 
body. In tlie larvae that go on to metamorphosis the ovaries 
continue their natural development. It would tlius appear that 
the lat-l)ody has, like the leaf of a Begonia^ under certain circnin- 
stances, the power, usually limited to the ovaries, of producing 
compltde <and perfect individuals. 

Owing to the minute size and excessive fragility of the Gall- 
midge Hies it is extremely difficult to form a collection of them ; 
and as the larvae are also very difficult of preservation, nearly 
(ivery spcxles must have its life-1 listoi-y worked out as a sp(‘.cial 
study hefVjrc the name of the species can be ascertained. Not- 
withstanding the arduous nature of the subject it is, howevca*, a 
favourite one with entomologists. The number of described and 
named forms cannot be very far short of 1000, and each year sees 
some 20 or 30 species added to the list. Tlie number of unde- 
Bcrilicd forms is doubtless very large. The literature of the suhjcict 
is extensive and of the most scattered and Iragmcmtiiry character. 

The Gecidomyiidae have hut little relation to other Nemocera, 
and are sometimes called Oligoneiira, on account of the reduce.', d 
number of wing-n6rvures. Tlieir larvae are of a peculiar type 
^ Niiturhist.. Tidskr. CS) viii. 1874, p. 34, pi. xii. 
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that does not agree with the larvae of the allied families liaving 
well-marked heads (and therefore called Encephala), nor with the 
acephalous maggots of Eumyiidae. 

Fam. 2. Myc6tophilidae. — These small flies are much less 
delicate creatures than the Cecidomyiidae, and have more nervures 
in the wings ; they 'possess ocelli, and frepaently luvve the coxae 
elo'ngated, and in some cases the legs adorned ivith complex arrange- 
ments of spines : their antennae have not ivhorls of hair. Although 
very much neglected there are probably between 700 and 1000 
species known ; owing to many of their larvae living in fungoid 
matter the flies are called Fungus-gnats. We liave more than 
100 species in Britain. Epidapus is remarkal)le, inasmuch, as 
the female is entirely destitute of wings and halteres, while 

the male has the halteres 
developed Init the wings of 
very reduced size. E, secihiei 
is an excessively minute fly, 
smaller than a common flea, 
and its larva is said to l>e 
very iiiijurious to stored 
potatoes. The larvae- of 
Mycetophilidae arc usually 
very elongate, worm - like 
maggots, hut have a distinct, 
small liead; they are l)eri- 
pneustic, Imving, according to 
Osten Sacken, nine pairs of spiracles, one pair prothora.cic, tlie othcirs 
on the first eight abdominal segments. They are usually wonn- 
like, and sometimes seem to consist of twenty segments. Borne of 
them have the faculty of constructing a true cocoon by some sort 
of spinning process, and a few make eartlien cases for the purpose of 
pupation. The pupae themselves are free, the larval skin baviug' 
been shed. The Mycetophilidae are by no means completely 
fungivorous, for many live in decaying vegetable, some even in 
animal, matter. 

The habits of many of the larvae are very peculiar, owing to 
their spinning or exuding a mucus, that remimls one of snail- 
slime ; they are frequently gregarious, and some of tliem have 
likewise, as we shall subsequently mention, migratory habits. 
Perris has described the very curious maimer in wliich Scwjdiila 



Fio. 221 . — Mycctahm paUij[ies. Britain. 

A, Larva; B, pupa; C, imago. (After Drifour.) 


MYri-rn H'liiiJ i»Ai-: 


(nil nutvnhitif Inrius its slimy ti'nc'ks:^ it^ si fjMdi'* ■> il hf'.'in in tsiin 
«i«l<% lixi'S tiui tip ot* ii cii’oj) nf Mh* vis<'<»us usilhT I'mni il.. 
ninutJi !(► tlH‘ surliK't* ai’ tin* suhst omt wltirh ii i.: (u 
l»r<>nr‘(*ss, its hi^ad uiudr it-salj* so as to attix 1 Im inalfiT in 

t.lia low{‘r facM* of its own body: t.han strctidias it;; to t h*- 

other si(i(‘ and ivpcats t he (»p<*rat ion, ( bus loriuiny; a liark <>n 
wliirh it. «4‘lid<‘s, or ])(*rhaps, as tJa* niuous <Mmjplot cl \ ('n\cb»j»s 
its body, wc should rather call it a l.nnnel Ibronyb uhteli the 
inaL^n'ct slips along. A<'eordiiig to the tlcseriptifai of IIud;.oii' 
the so-('alh‘d New Zealand (lIoW“Wonn is (Jm lai \a of' Huh in 
phUu ; it forms w(d»s in dark ravines, along wbieb it 

glid(‘s, giving a (*onsid{*rabI(» aanoiint of* light, from the peetiliaiiy 
Ibi'med (.erminal H(‘giuent. <ir the body. 'Phis laiAa, is figured a;; 
canisisting of ab(mt twenty segments. d'li(‘ pupa- is provided 
with a. very long, enriously-branehed <lorsal stiiietmre: fin* fly 
issuing from the pu]Kr is strongly luminous, though no line ean 
1 h^ disc'overeti for tint property (u'tlnu’ in it or in the larva, 'rhe 
lai’va- of tin*. Australian wrfsicr:u‘ is also lumimms. 

Another very except, ioual larva is that <d* Kjnnjpiti niut initittfru ; 
it. is of short , t.hiek form, like t ‘eeid(uny iid larvae, and. has a. very 
remarkahle striu'ture of tln< dorsal parts of tdie ho<ly ; hy means of 
this; its exereiueni, wld(di is of a peculiar nature, is spread <»ut and 
forms a ease for (mveloping aanl slielteriiig^ the larva. ritimafely 
the larval {'as(‘ ist'onverted int.o a. etM-oon bir pupal ion. This larva 
is HO differcmt from that of' ot her Myeefoplnlidae, that berris \%as 
at first imalde to hcdieve that, tdn; fly In* reared really eaine from 
lldM unusually foruied larva. The larva of Mjininfiitt 
f Fig^. 221 ) offers a, still nn»re reniarkalde phenomenon, inaHirmeh 
iiH it is atuphijuieu.stie. instead of peripn«‘tiHl !<* ft haJ. is to nay, if 
has a pair of stigmata, at the t(*rminat ion of the body ami a pair 
r»li tJie first fiboraeie, Hegginuit insteatl (if the btleral serien of pairi-i 
Wi‘. havi* dc^wribed. an normal in Myeetophilida.eg 1’htH larva, liven 
ill eompaiiy with tin? ampbipneusth' larva of ./i*/r///>//a/a, a, lly of 
another family, ajnl the. Mi/rttuhitt larva so elosely rer.eiiddeH 
that of the an, that, it in dillieult to dlHtingidHb the two, 

Tliis aiioiiiiiloiiH larva given riH«% like, tiie toxof^ptioiia! larva, of 
Mpirypin, to nn ordinary Myf*etoj>hi!id lly.'* 

* J/itt. XW, #•«/, Ffffntr i'2; vii. iH-tn, |f. U-IU. 

a Zmifind innl, Isnu, |t. in. 

Of4t«a* HiM'krio rtft, Zdinrhf, iSir*', |i. \ \ rtiid fVrrn^, iVie. 

rill. FmfH% vti. JS-IU, |n 
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But the most remarkable of all the Mycetophilid larvae are 
those of certain species of Sciarct, that migrate in columns, called 
by the Germans, Heerwurm. The larva of Sc/iara militaris 
lives under layers of decomposing leaves in forests, and under 
certain circumstances, migrates, sometimes perhaps in searcli of a 
fresh supply of food, though in some cases it is said this cannot be 
the reason. Millions of the larvae accumulate and form tliern- 
selves by the aid of their viscous mucus into great strings or 
ribbons, and then glide along like serpents : these aggregates are 
said to be sometimes forty to a hundred feet long, five or six inches 
wide, and an inch in depth. It is said that if tlie two ends of 
one of these processions be brought into contact, they Ijecoino 
joined, and the monstrous ring may writhe for many hours before 
it can again disengage itself and assume a columnar form. 
These processional maggots are met with in Northern Europe 
and the United States, and there is now an extensive literature 
about them.^ Though they sometimes consist of almost incrediljle 
numbers of individuals, yet it appears that in the Carpathian 
mountains the assemblages are usually much smaller, being from 
four to twenty inches long. A species of Sciam is tlie '' Yellow- 
fever fly” of the Southern United States. It appears that it 
has several times appeared in unusual numbers and in unwonted 
localities at the same time as the dreaded disease, with which it 
is popularly supposed to have some connection. 

Fam. 3. Blepharoceridae.^ — Winr/s witlo no diseal cell, Jmt 
with cb secondary set of crease-like lines. The flies composing 
this small himily are very little known, and appear to Ije 
obscure Insects with somewhat the appearance of Empidae, 
though with strongly iridescent wings ; they execute aerial 
dances, after the manner of midges, and are found in Eurojx) 
(the Pyrenees, Alps and Harz mountains) as well as in North 
and South America. Their larvae are amongst the most re- 
markable of Insect forms ; indeed, no entomologist recognises 
them as belonging to a Hexapod Insect when he makes a first 

^ See Guerin-Meneville, Ann. ^oc. cut. France (2) iv. 1846 ; Btdl. p. 8 ; and 
Nowicki, Verh. Ges. Wien, xvii. 1867, SB. p. 23. 

2 For details as to the family cf. Osten Sacken, Berlin, ent. ZeMschr. xl. 
1895, p. 148; and for the larvae F. Miiller, Arch. Mus. Bio-Jan. iv. 1881, 
p. 47. The name “ Liponeuridae ” was formerly applied hy some authorities 
to this family, but it is now generally recognised that Blepliaroceridae is more 
legitimate. 
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acquaintance with them. The larva of Gurv.'pira (Fig. 222) 
lives in rapid streams in Brazil, fixed by its suckers to stones or 
rocks. It consists only of six or seven divisions, with proj'ect- 
ing* side-lobes ; the usual segmentation not being visible. Tliere 
are small tracheal gills near the suckers, and peculiar scale-like 
organs are placed about the edges of the lobes. Muller considers 
that the first lobe is '' cephalothorax,” corresponding to head, 
thorax and first al;)dominal segment of other larvae, the next four 
lobes he considers to correspond each to an 
abdominal segment, and the terminal mass 
to four segments. He also says that 
certain minute points existing on the sur- 
face, connected with the tracheal system by 
minute strings, represent nine pairs of 
spiracles. These larvae and their pupae 
can apparently live only a short time after 
being taken out of the highly aerated 
water in which they exist, but Muller 
succeeded in rearing several flies from a 
number of larvae and pupae that he 
collected, and, believing them to be all one 
species, he announced tliat the females 
exliil)ited a liighly developed dimoiphism, 
some of them being Ijlood-suckers, others 
honey-suckers. It is however, more prob- 
al:)le that these specimens belonged to two 
or tliree distinct species or even genera. 

Tliis point remains to be cleared up. The 
larva we have figured is called by Miiller 
PaltosUrnia torrentium. It is certain, how- 
ever, that the Brazilian Insect does not 
l)elong to the genus Faltostowui, and it will no doubt bear the 
name used by Osten Sacken, viz. Guruplra. 

The metamorphoses of tlie European Liponeura hrevirostris 
have been partially examined by Dewitz, who found tlie Insects 
in the valley of tlie Ocker in September.^ He does not consider 
the cephalothorax ’’ to include an abdominal segment ; and he 
found that two little, horn-like projections from the thorax of the 

^ Berlin, ent. Zeit. xxv. 1881, p. 61 ; and cf. Braucr, Wien. ent. Zeit. i. 1882, 

p. 1. 
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Fig. 222. — Under surface of 
the larva of (Jurupira 
( Paltostonia) inrrenUum. , 
.showing the .suckers along 
the middle of the hody, 
jiiiieh magnified. Brazil. 
(After Fritz Miiller.) 


466 


DIPT ERA 


CHAP» 


pupa are really each four-leaved. Tlie pupa is foniied ^vithiii 
the larval skin, but the latter is subseciueiitly cast so that the 
pupa is exposed ; its dorsal region is lioriiy, hub the inider sur- 
face, by which it clings firmly to the stones of the rapid hrook, is 
white and scarcely cliitinised, and Devvitz considers tliat the 
chitinous exudation from this part is used as a means of fastening 
the pupa to the stones. Blepharoceridae possess, in coinmoii 
with Culex, Tsijchoda and Ptyckoptcrd, the peculiar nuinber of 
five Malpighian tubes, and it has heeii proposed by M filler to 
form these Insects into a group called Ten tanephria. 

Fam. 4. Culicidae {ifosquitoes, Gnats). — Antermiuwith %oliorh 
of licdr or plmnes, lohicli may he ^ery dense cmd long in the 7 nale, 
though scanty in the Jemxih ; head with a long, projecting pro- 
loscis. Although there are few Insects more often referred to 
in general literature than Mosrpuitoes, yet the ideas in vogue 
ahoiit them are of the vaguest character. The following are the 
chief points to be borne in mind as to the prevalence of jMCos- 
qiiitoes : — The gently humming (Tiiat tliat settles on us in our 
apartments, and then bites us, is a Mosqiiitij ; tliere are a large 
number of species of Mosquitoes; in some countries many in one 
locality ; in Britain we have ten or a dozen ; notwitlrstauding the 
multiplicity of species, certain Mosquitoes are very widely difruseil ; 
the larvae are all aquatic, and specially frcHjUcnt stagnant or 
quiet pools; they are probably diffused by ineans of the water 
in ships, it being known that Moscpiitoes were introduced for 
the first time to the Hawaiian Islands l>y a sailing vessel about 
the year 1828. Hence it is impossilile to say wlmt species the 
Mosquitoes of a given locality maybe without a critical examina- 
tion. Ho satisfactory work on the Moscpiitoes of the world 
exists. Urich states that he is acquainted with at least ten 
species in Trinidad. The species comm on in our apa,rtnients in 
Central and Southern England is gdpiens, Linn., and this 
species is very widely distributed, being iiidec'.d one of the 
troublesome Mosc|uitoes of East India. The terra MoBiiuito is a 
Spanish or Portuguese diminutive of Mosca. It is applied to a 
variety of small flies of other families than Culicidae, but should 
be restricted to these latter. The irritation occasioned by the 
bites of Mosquitoes varies according to several circumstances, 
viz. the condition of the biter, the condition or constitution of 
the bitten, and also the species of Mosquito. Keaumur and 
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others believed that some irritating tiiiid is injected l)y the JVlos- 
<liiito when it bites. But why should it want to irritate as well 
as to bite? Macloskie, considering that tlie Mos(j[uito is really 
a feeder on plant-substances, suggests tliat the fluid iiijectcMl luay 
l)e for the purpose of preventing coagulation of tlie plant-juices 
during tlie process of suction. It is a rule tha,t ordy the feiuale 
Mosquito bites, the male being an inoffensive creature, and pro- 
vided with less effectual mouth-organs; it ha,s, however, been 
stated by various authors that male Mosquitoes do occasionally 
bite. It is difficult to understand the blood-sucking propensities 
of these Insects ; we have already stated that it is only the 
females that suck blood. There is reason to suppose that it is an 
acquired habit ; and it would appear that the food so obtained 
is not essential to their existence. It has indeed been asserted 
tliat the act is frequently attended with hital consequences to 
the individual that does it. The proper method of mitigating 
their nuisance is to examine the stagnant waters in localities 
where they occur, and deal with them so as to destroy the larvae. 
These little creatures are remarkable from the hea,(ls and thorax 
being larger and more distinct than in other Dipterous larvae. 
Their metamorphoses have been frequently described, and recently 
tlie numerous interesting points connected witli their life-histories 
have been adrniraldy portrayed by Professor Miall,^ in an accessible 
form, so that it is unnecessary for us to deal with them. 
Coretlira is placed in Oiilicidae, luit the larva differs totally from 
tliat of Ouhx ; it is predaceous in habits, is very transparent, lias 
only an imperfect tracheal system, without sx>iracles, ami lias two 
pairs of air-sacs (perhaps we should rather say pigmented struc- 
tures xuDssibly for aerostatic purposes, Init not siq>i)lierH of oxygen). 
The kungii cake mentioned by Livingstone as used on Lake 
Nyassa is made from an Insect wlricli occurs in profusion there, 
and is coniX)ressed into liiscuit form. It is helieved to lie a, 
(Jorcthra. One of the peculiarities of this family is the jire- 
valeiice of scales on various parts of the body, and even on tlici 
wings : the scales are essentially similar to those of Lepidojiterc'i. 
Though Mosquitoes are generally ohscure plain Insects, tliere 
ave some— in the South American genus Megafrldna — that are 
elegant, heautifiilly adorned creatures. Swarms of various species 
of Gulicidae, consisting sometimes of almost incalculable iiumhers 
^ MitimU History of Aquatic Insects, Loudon, 1895, cliai). ii. 
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of individuals, occur in various parts of the world ; one in ~N(^w 
Zealand is recorded as having been three-quarters of a, niiki long, 
twenty feet high, and eighteen inches thick. Tlitu-e is good 
reason for supposing that Mosquitoes may act a,s disseminators 
of disease, hut there is no certain evidence on tlie sulqect. 
minute Filaria that occurs in great numlxu's in sonu‘. patitaits, 
is found in the human body only in the einbryonic and adult 
conditions. Manson considers that the intermediate stages are 
passed in the bodies of certain Mosquitoes.^ 

Fam. 5. Chironomidae (Gnats, Midges). — Small or mvmde 
flies of slender form, with narrow wings, loithont jrrojecting 
rostrum, usually uoith densely feathered antennae in the male, and 
long slender legs. The flies of this family bear a great gemnul 
resemblance to the Culicidae. They are much more numei’oiis 
in species, and it is not improbable that we have in this country 
200 species of the genus Ohironomus alone. They occur in 
enormous numbers, and frecjnently form dancing swarms in tlui 
neighbourhood of the waters they live in. The sp(*.ci(‘s art; 
frequently extremely similar to one another, though distinguishe.d 
by good characters; they are numerous about Cambridge. Many 
of them have the habit of using the front legs as feelers rather 
than as means of support or locomotion. This is the o])])osit{‘- of 
what occurs in Culicidae, where many of the specitis havci a ha,])it 
of holding up the hind legs as if they were feelers. The eggs of 
Ohironomus are deposited as stidngs surrounded by mucus, and a.r(‘, 
many of them so transparent that the development of the (unbryo 
can be directly observed with the aid of the microscope. Th(‘y arts 
said to possess a pair of air-sacs. The larvae, when born, are 
aquatic in habits, and are destitute of tracheal systtmi. They 
subsequently differ greatly from the larvae of Culex, imismiuh an 
the tracheal system that develops is quite, closed, and in some 
cases remains rudimentary. There is, however, much divtu’sity 
in the larvae and also in the pupae. Tlie little Blood-worms, 
very common in many stagnant and dirty waters, and imed by^ 
anglers as bait, are larvae of Ohironomus. Tliey are said to be * 
at ’E/i7rtSe9 of Aristotle. The red colour of these larvae is due to 
haemoglobin, a substance which has the power of attracting and 
storing oxygen, and giving it off to the tissues as tliey require 
it. Such larvae are able to live in burrows they construct 
^ Tt. Linn. JSoc. Lond. (2) ii. 1884, p. 367. 
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amongst tlie ihikL Some of them, provided plentifully witli 
liaeinogiobin, are in consequence able to live at great d(.q)tlis, it 
is said even at 1000 feet in Lake Superior, and come to the 
surface only occasionally. A few are able evcm to tolerate salt 
water, and have been fished up from c()nsideral)lc de])ths in tlie 
sea. It is a remarkalde fact that these physiological cajiacities 
differ greatly within the limits of the one genus, Cldronomuf^, 
for some of these species are destitute of liaemoglobin, and have 
to live near tlie surface of the water ; tliese have a superior 
development of "tlie tracheal system. The ])upae of Ch/ir()n(miuH 
have the legs coiled, and the thorax, instead of being ])rovid(nl 
with the pair of tubes or trumpets for breathing that is so 
coininon in this division of Diptera, liave a pair of hirge tufts 
of hair-like fdarnents.^ A very curious form of partiienogenesis 
has been described by Grimm ^ as existing in an und.(‘,termined 
species of Chironomm, inasmuch as tlie pupa deposits eggs. 
Although this form of partiienogenesis is of much inter(*.8t, it is 
not in any way to he compared with the case, alnuuly rihiirriMl t(,), 
of Miastor (p. 461). Tiie “ pupa” is at the ti me of oviposition ] mio 
tically the imago still covered by tlie pupal integument; iTideed 
Grimm informs us that in some cases, aft(‘.r depositing a small 
number of ova, the pupa hccaine an imago. This partiieno- 
genesis only occurs in the spring-generation ; in tlie aaitunin the 
development goes on in the natural manner. I'he case is 
scarcely entitled to lie considered as one of ])aedogen(‘sis. 

Gnats of this family, and lielieved to he a varicity of Gliiro- 
noinus flummm, are subject to a curious condition, imismucili a,s 
individuals sometimes become 1 in uino us or “ phosphorescent ” ; this 
has been noticed more specially in Eastern Europe and 'Western 
Asia. The whole of the body and l(‘gB may exhilht the liiminoiiH 
condition, but not the wings. It lias been siiggestod by Schmidt 
tliat this condition is a disease due to bacteria in the body ol‘ 
the gnat.^ 

Cerat() 2 ) 0 (jo% is a very extensive genus, and is to some 
extent anomalous as a nuuiiber of (Jhironomidjie. The Lirvac 
exhibit considerable variety of form. Some of them are aquatic 

’ Por an extremely interCHtiiig ae(;ount of Chiron<miy,s refer to Miallts took, 
already cited, and, for the larva, to the valuable work of Meinert ou Kuecplialous 
larvao of Diptera, Dftnske ^elsk. Hkr. (6) iii. 1886, p. 486. 

- Ann. Nat. Jlist. (4) viii. 1871, p. 81. ® Ibid. (6) xv. 1805, j). 138. 
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in habits, but the great majoritj are terrestrial, free [iieii ting 
trees, etc. The former larvae are very slender, and move alter 
the manner of leeches ; they give rise to images with naked 
wings, while the terrestrial larvae produce hies witli hairy 
wings. There are also important distinctions in the l)upae of 
the two kinds; the correlation between the liabits, and the dis- 
tinctions above referred to, is, however, far from being absolutely 
constant.^ Certain species of midges are in this country amongst 
the most annoying of Insects ; l)eing of very minute size, sca/rcel}^ 
visible, they settle on the exposed parts of the Ijody in great 
numbers, and by sucking blood create an intoleraljle irritation. 
Cercitoijogon vcwms is one of the most persistent of tliese annoyers 
in Scotland, wliere this form of pest is much worse tlian it is in 
England ; in Cambridgesliire, according to Mr. &. H. A^cni-all, 
the two troublesome midges are the females of C, lywhkaris a,nd 
G. hi'p'wnctat'iis. 

Fam. 6. Orphnephilidae. — Sviall, Irown or yellowinlh 
dare of ])ul)esGence, with very large eyes contiguous in hotlh srxrs, 
and with antennae composed of two joints and a> terminal hrlsfle ; 
doth the second joint and the hristle are, however, really com/plex. 
One of the smallest and least known of tiie families of Diptttra, 
and said to be one of the most difficult to classify. The nervures 
of the wings are very distinct. Nothing is known of the habits 
and metamorphoses ; there is only one geiais — Orphneydi/ikc ; it 
is widely distributed ; we have one species in Britain. 

Fam. 7. Psychodidae {Moth-jlies), — IMremely small, helpless 
flies, usually with thiohish a/ntennae, hearing 'much hair, with 
loings broader than is usual in small flies, and also densely clothed 
with hair, giving rise to a 2 ^(^ite'rn more or less vague. Idies(i 
flies are very fragile creatures, and are proljaldy nuni(ux)U8 in 
species. In Britain forty or fifty species have been recognised." 
A South European form is a blood-sucker, and has receivt‘d the 
appropriate name of Phledotomus. The life-liistory of Periaorna 
canescens has recently been studied by Professor Miall.'^ Idle 
larva is of aquatic habits, but is ampliibious, being capable, of 
existing in the air ; it has a pair of anterior spiracles, by means 

^ For metaiuorplioses of aquatic species of Ceratopotjon, see Miall and Meiiiert, 
already quoted : for examples of the terrestrial species, and their illustratioiis, 
refer to Mik, JFie7i. ent. Zeit. vii. 1888, p. 183. 

2 Monograph, Eaton, Ent. Mag. xxix. and xxx. 189S, 1894 : supplenieut op. clL 
1896, etc. 3 rjY London, 1895, p. 141. 
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of which it breathes in the air, and a. pair at the posterior 
extremity of the body, surrounded l)y four ciliated proeiisses, 
with wliicli it forms a sort of cup for holding air when it is 
in the water. The favourite position is amongst tlie filaments 
of green algae on which it feeds. A much more extraordinary 
form of larva from South America, doubtless belonging to 
this family, has recently been portrayed .by Fritz Midler, 
under the name of Mamina} These larvae live in i‘ap:)id watei’S 
ill company with tliose of the genus Curiq^ira, a,nd like the 
latter are provided with a series of suctorial ventral discs. 
Fritz Midler’s larvae belong to several species, and probably to 
more than one genus, and the respiratory apparatus at the 
extremity of the body exhibits considerable diversity among 
them. 

Fam. 8. Dixidae. — The genus Dixa must, it appears, form a 
distinct family allying the Culicid series of families to the 
Tipulidae. The species are small, gnat-like Insects, fond of 
damp places in forests. We have four British species {]). 
maculata, D. nebulosaj I), aestivalis, D. a/prilina}). The genus is 
very widely distributed, occurring even in Australia,. The 
larvae are acpiatic, and have been described by Ecaumiir, 
Miall, and Meinert. The pupa has the legs coiled as in the 
Culicidae. 

Fam. 9. Tipulidae {Dadcly4o7ig4egs, or Crane-Jlies). — Slender 
Insects with elongate legs, a system of wing-nervures, rathef com- 
p)lex, esyeeially at the tip', an cingulate, or open V-shaped, sutw^e 
on the doTSU^a of the thorax in front of the wmgs : the female 
'with the lady terminated hy a pair of hard, 'povnled processes, 
concealing some other processes, a?ul forming an ovipositor. The 
curious, silly Insects called daddy-long-legs are known all 
over the world, the family being a very large one, and found 
everywhere, some of its members extending tlieir range even 
to the most inclement climates. It includes a great variety 
of forms that would not be recognised l>y the uninitiated, 
but can be readily distinguished by tlie chy,racters mentioned 
above. It is iinpossiljle to assign any reason of utility for 
the extreme elongation of the legs of these Insects ; as 
everyone knows, they break off with great ease, and the Insect 
appears to get on perfectly well without them. It is Ireciuently 

^ Tr, cut. Soc. Jj07ido7i, 1S95, p. 479. 
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the case that they are much longer in the males tlia,n in 
the females. Other parts of the body exhibit a ])eciiliar 
elongation ; in some forms of the male the front of the head 
may be prolonged into a rostrum. In a few species the 
head is separated by a great distance from the thorax, the 
gap being filled by elongate, hard, cervical sclerites; indeed 
it is in these Insects that the phenomenon, so rare in Insect- 
structure, of the elongation of these sclerites and tlieir 1)(‘- 
coming a part of the actual external skeleton, reaches its 
maximum. In several- species of JEHocera the male has the 
antennae of extraordinary length, four or five times as long a,s 
the body, and, strange to say, this elongation is accompanied 
by a reduction in the number of the segments of which tiui 
organ is composed, the number being in the male about six, 
in the female ten, in place of the usual fourteen or sixtetui. 
In Toooorrliina and Elephantomym the proboscis is as long as 
the whole body. In other forms the wings become elougat(*d U) 
an unusual extent by means of a basal stalk. It is ])r(d)a,l)hi 
that the elongation of the rostrum may he useful to the Inscuds. 
Gosse,^ indeed, describes Limnobia internieclicc as having a rostrum 
half as long as the body, and as hovering like a Syi-phid, but 
this is a habit so foreign to Tipulidae, that we may he ])a,rdou(‘(l 
for suspecting a mistake. The larvae exliibit a great variety of 
form, some being terrestrial and others aquatic, but tlie ter- 
restrial forms seem all to delight in damp situations, siu'h 
as shaded turf or rotten tree-stems. They are either ain])hi- 
pneustic or metapneustic, that is, with a pair of spiraclt^.s ])la('(Ml 
at the posterior extremity of the body ; tlie aquatic spe,cie,s 
frequently bear appendages .or projections near tlicsc spiracles. 
The pupae in general structure are very like those of Lepidophu'a, 
and have the legs extended straight along the l>ody ; th(*y possess 
a pair of respiratory processes on “the thorax in the form of 
horns or tubes. 

There are more than 1000 species of these flies known, 
and many genera. ^ They form three sub-fiuni lies, wide h are by 
some considered distinct families, viz.: Ptychopterinae, Liinno- 
biinae or Tipulidae Brevipalpi, Tipulinae or Tipulidae Longi- 
palpi. 

The Ptychopterinae are a small group in wliich the angulate 
^ A Naturalist'' s Sojourn in jamevioa^ London, 1858, p. 284. 
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suture of tlie laesoiiotuni is indistinct; the larva, are a,(|ua,tic and 
have tlie head free, the terminal two segments 
of the body enormously prolonged (l^'ig. 22:]), 
forming a long tail hearing, in tl)o Iforth 
American BifMmrrioQyha, two res])irat(>ry fila- 
ments. Hart ^ describes this tail as possessing 
a stigmatal opening at the extremity ; no doiil)t 
the structure is a compounded pair of spiracles. 

Tlie pupa (Fig. 223, B) has quite lost the respira,- 
tory tulie at tlie posterior extremity of the 
body, but lias instead quite as long a one at 
the anterior extremity, due to one tulie of the 
pair normal in Tipulidae being enormously 
developed, while its fellow remains small. This 
is a most curious departure from the bilateral 
symmetry that is so constantly exhibited in 
Insect-structure. Our British species of Ftych- 
()])UTa liave the pupal respiratory tube as extra- 
ordinary as it is in Bittcwomorflm, though the 
larval tail is less peculiar.‘^ Tliis group should 
peiiiaps be distinguished from the Tipulidae 
as a separate family, but taxonomists are not 
yet unanimous as to this. Braiier considers 
that the head of the larva, and the condition 
of five Malpighian tubules in the imago, 
require the association of ITychopterinae with 
the preceding families (Chironomidae, etc.), 
rather than with tlie Tipulidae. 

The great majority of the Tipulidae are com- 
piised in the sub-family Lirnnobiinae — the 
Tipulidae Brevipalpi of Osten , Sacken : ^ in 
them the last joint of tlie palpi is shorter or Fifj. 223 . 
not much longer than the two preceding 
together. They exhibit great variety, and many 
of them are types of fragility. The common 
winter gnats of the genus Trichoeera are a 
fair sample of this sub-fiimily. The species 
of this genus mostly inhabit high latitudes, and deliglit in 




Bit to, CO- 
dampen. 
North Airuirica x ‘f. 
(After Hart.) A, 
Larva ; B, pupa : 
I, the left, r, the 
right rc,si>iratory 
tube. 


^ Buil. IlHnois Lah., iv. 1895, p. 193. MialVs Aquatic Injects, 1895, y. 174. 

^ “Studies,” etc., Berlin, mt, Zeitsehr. xxxL 1887. 
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a low temperature; it has been said that they may be seen 
on tlie wing in the depth of winter when the temperature is 
below freezing, but it is pretty certain tliat the spots chosen by 
the Insects are ahore that temperature, and Eaton states that the 
usual temperature during their eYolutions is a)x)ut 40^ or 45*^ 
Fahr. They often appear in the damp conditions of a thaw v 
when much snow is on the ground. T. simoiiyi was found at an 
eleyation of 9000 feet in the Tyrol, crawling at a temperature 
below the freezing-point, when the ground was deeply covered with 
snow. T. refjelationis occurs commonly in mines even when they 
are 500 feet or more deep. The most extraordinary of the 
Limnobiinae is the genus Chio%ect, the species of which are totally 
destitute of wings and require a low temperature. C. arcvneoiies 
inhabits parts of northern Europe, but descends as far south as 
the mountains near Yienna; it is usually said to be only really 
active in the depth of winter and on the surface of tlie snow. 
More recently, however, a large number of specimens were found 
by Professor Thomas in the month of October in his garden in 
Thuringia; they were caught in little pit-falls constructed to 
entrap snails. • The larva of this Insect is one of the interesting 
forms that display the transition from a condition with spiracles 
at the sides of the body to one where there is only a pair at the 
posterior extremity. 

A very pecnliar Fly, in which the wings ai‘e reduced to mere 
slips, HcdiryHs mTipIiibim, was discovered by Eaton in Kerguelen 
land, where it is habitually covered by the rising tide. Though 
placed in Tipuhdae, it is probably a Chironomid. 

The group Cylindrotomina is considered by Osten Sachen ^ to 
he to some extent a primitive one having relationship with the 
Tipulinae ; it was, he says, represented by numerous species in 
ITorth America during the Oligocene period. It is of great 
interest on account of the larvae, which are in several respects 
similar to caterpillars of Lepidoptera Tlie larva of Gylindrotoma 
disHrocta lives upon the leaves of plants— wo ^ 0 , Violoc, 
Stellcma — almost like a caterpillar ; it is green with a crest 
along the bach consisting of a row of fleshy processes. Though 
this fly is found in Iritain the larva has apparently not been 
observed here The life-history of Jdialacrocertc repliccda has 
been recently published by Miall and Shdford.^' The larva eats 
1 Tf. mL ^'oc. Zondon, 1897, p. 362. Tr. etU. b'ac. Lo/ido'/i, 1897, pp. 343-361. 
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niicrgCHl inoHses in thv. South (4 n.rid hours (orkod 

hhuueiits, reniiiuliiig oik; of tinisc; ol (‘.atorpillai’s. I Iiis Mj)(‘(*.ios 
has 1)0011 simultanoously discussiKl ])y lUai^L^tssoii, who a.ppaiviiS y 
rogai’ds tho.so Ti])uli(Ls \vitli (‘a,t<;rpillar-lik<*. kirvai* lio, calis tlioin 
Eru(*a,(*f()rnua‘-— a,s tho most priniitivi; form of oxistiiyi;’ I)i|)i.ora,. 

The Tipuliuao — Ti])uli(lac Lon^^’ipalpi, Oshoi Sax’koir'- - havi; 
tiio tormina! joint of the ])nlpi. roma,rka.hly lon^^, lon;^’or than tlio. 
thrtu.) pnHuidino joints too’(;thor. Tin; j^aoiij) imdmk^s t.ho. lar; 4 '(;st, 
idnns, and tin; tnu; da,ddy-lon^^d(‘gs^ a (4)im;s(; sp(U',i(‘s ol* whioh, 
Tipuhi hri)hd/ujmi(fiii^ measures four iiudms ax'ross the. expanded 
wing's. Tlie group eontaans souk; of tin; lim;st Diptcvra,. Some 
of tho cxotio forms allied to (Ui'-noplurra. Iiuak; tin; wings ('.olounal 
in tiu; sarm.; nmnmu.’ a,s tlu;y an; in ecndain IIynieno))t(‘ra., and 
hear a eonsidcralilo resomhhuKM; to mmuixu's of that Ordin*. 

Fam. 10. Bibionidae. of iruxh'ndr, or i^nufll Hiz(%Hovif'- 

titn.r^y of (Uff'erent colour s in the hno soxcs.'/nilh nfN>r/ JJri(d‘, sf/rtro^ 
mdmnae; front lihioe tmudly ‘irllk a- loiuj folnlcd 'proeem ; 
coxae not elongtUe. BycH of nude, large, v.nilrd., or eonUynnUH in 



Fro. 224.— Ileiwl of Bihio. x 10. A, Of wn fmm tin* front ; C, from tin* !ud« ; 
(t, u|)pcr, 6, lower eye ; B, hea<l nf feiiiak*. 

front. Tho flies of tho gmiuH Bihio usually appear in Kngla,nd 
in tho spring, and are fn;(|Uontly To.ry ahundant; tliey an; of 
sluggisli habits and poor performers on tho wing. Tlu; din'er^ 
emoB in eolour of tin; Hoxf‘.H is v<‘ry romarkahh% r<;cl or yellow 
predominating in the femah;, inituise hlfu;k in tho mah; ; ami 

^ Ada fhiir. louid. (2) No. 7, 1897. 

“ “ Btudirsy fit'., Berlin, * nf. ZeUmhr, xxx, 1880, p. 15.‘l 
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it is a curious fact that the same sexual clistincticm of colour 
reappears in various parts of the world — Engdaiul, America,, India,, 
and New Zealand; moreover, this occurs in genera tlia,t a, re hy 
no means closely allied, although allied species frexjmmtly Inive 
concolorous sexes. The eyes of the males are well wortli study, 
tliere being a very large upper portion, a,iid, 
abruptly separated from this, a smaller, diHeu- 
ently faceted lower portion, practically a 
separate eye; though so largely develop(‘d the 
upper eye is in some cases so hairy tha,t it 
must greatly interfere with the formation 
of a continuous picture. (Jarriere con- 
siders that the small lower eye of the iua,]e 
corresponds to the whole eye of the ieinahc 
The larvae of 3ihio (Fig. 225) are cat(‘.rpilla.r- 
like in form, have a horny Iiead, well de- 
veloped, biting mouth-organs, ami si)ine-like 
pi'ocesses on the body-segments. Thoj are 
certified by good authorities^ to possi‘,s8 th(‘ ex- 
tremelyunusual number often pairs of spiracles; 
a larva found at Cambridge, which we refer to 
Bibio (Fig. 225) has nine pairs of ■ moderate 
spiracles, as well as a large terminal ])a,ir 
separated from the others hy a segment witliout 
spiracles. The genus Bilophus is closidy 
allied to Bihio, the larvae of which (and thost*. 
of Bibionidae in general) are believed to feed 
on vegetable substances ; the parasitism of 
Bilophus vulgaris on the larva of a moth, Byjrino- 
Fig. 225. — Larva of ticL (Chaetoptria') hyperimnci, as recorded l)y 

Lrtige therefore be an exceptional case. 

In the genus Scatopse there is a very im- 
portant point to be -cleared up as to the larval r(‘Sj)ira,tory 
system; it is said by Dufour and Perris® to be arnphipneustic ; 
there are, however, nine projections on each side of the liody tliat 
were considered by Bouch^ and probably with good reason, to 

^ Osten Sacken, Berlin, ent. Zeitschr. xxxvii. 1892, p. 450. 

2 Bntomologist, xiv. 1881, p. 287. This ohservation has never, wo helievo, been 
confirmed. 

® Ann. Sac. ent. France (2) v. 1847, p. 46. 
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be S])iracleR. The food of Scatojpso in tlie larval state is 
principally vegetable. Tlie larva of Scato2')So changes to a 
pupa inside the larval 
skin ; the pupa is pro- 
vided on the thorax with 
two branched respiratory 
processes that project 
outside the larval skin.^ 

Lucas has given an in- 
teresting account of the 
occurrence of tlie larva 
of Bilrio marci in enorm- 
ous numbers at Paris ; 
they lived together in 
masses, there being ap- 
parently some sort of 226. — Portion of integament of Bihio sp. Cani- 

, . T , bridge. «, lutersegiiiental processes : s, spiracle. 

connection between the 

individuals. In the following year the fly was almost erj[iially 
abundant. 

Owing to the great numbers in which the species of Bibionidae 
sometimes appear, these Insects have been supposed to be very 
injurious. Careful inquiry has, however, generally exculpated 
them as doers of any serious injury, though Bilo2)hus fehrilis — a 
so-called fever- fly — appears to be really injurious in this country 
when it multiplies excessively, by eating the roots of the hop- 
plant. 

Fam. 11. Simuliidae {Sand-flies, Buffalo-gnats), — Small ohese 
flies with humgjed hack, rather short legs amd broad wuigs, with short, 
straight am/tennae destitute of setae ; not girojevMng. 

There is only one genus, Simulium, of this family, but it is very 
widely spread, and will probably prove to be nearly cosmo- 
politan. Some of the species are notorious from their blood-suck- 
ing liabits, and in certain seasons multiply to an enormous extent, 
alight ill thousands on cattle, and induce a disease that produces 
death in a few hours; it is thought as the result of an instilled 
poison. S. columhaezense has occasioned great losses amongst 
the herds near the Danube ; in North America the Buffalo- and 
Turkey-gnats attack a variety of mammals and birds. In Britain 



^ Perris, in An7i. Sac, ent. France (2) v. 1847, p. 37, pi. i. 
A7iih. Aoc, mt, FfWiice (5) i. 187b p. l.Kvii. 
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and other parts of the world they do not increase in iiunibc'.r.s to 
an extent sufficient to render them seriously injurious : their l)ite 
is lioweTer very annoying and irritating to ourselves. In their 
early stages they are aquatic and require well aerated \vaters : 
the larvae hold themselves erect, fixed to a stone or some other 
object by the posterior extremity, and have on tlie head some 
beautiful fringes which are agitated in order to Ining food within 
reach; the pupae are still more remarkable, each one l)(ung 
placed in a pouch or sort of watch-pocket, from wdiicli projenq^s 
^ the upper part of the body provided with a pair of fihuuentous 
respiratory processes. For an account of the interesting circum- 
stances connected with the inetamorphoses of tiiis species the 
reader should refer to Professor Miall’s book ; and for the life- 
history of the American Buflalo-gnat to Eiley.^ 

Fam. 12. Ehyphidae. — This is another of the fainilic^s that 
have only two or three genera, and yet are very widely distril)ute(L 
These little flies are distinguished from other Nemocera Anomala 
(cf. p. 456 ) by the lyrescnce of a cliscal cell; the envjHxlut of the 
feet are developed as if they were prlvilli, vjhile the true pi/l villi 
remain midimentary. The larvae are like little worms, Ixung 
long and eylindric; they are ainphipneustic, and ha,vti betui 
found in decaying wood, in cow-dung, in rotten fruits, and 
even in dirty water. The '"petite tipule,’' the metamorphoses of 
which were described and figured by Itcauniar, is b(dicv(,*d to 
be the common Ehyphus feMestralis} B. fenestralis is often 
found on windows, as its name implies. 


Series 2. Orthorrhapha Brachycera 

Fam. 13. Stratiomyidae. — Antennae with three seyrnents 
and a terminal complex of ohsciore joints, fTeqmntly hejirmy 
an arista: tibiae not spined ; wings rather small, Hu a/ru 
terior nermres usually much more strongly marked than those 
behind. The median cell small, placed near to the middle of the 
wing. Scutellum freqiiently spined ; terminal appe/mlages of the 
tarsi small, but pulvilli and a pulvilliform e/mpodium, are 

^ iCep. Bep. Agric. Bnt. Washington, 1886, p. 492. 

2 Cf. Eeaiimur, Mem. v. 1740, p. 21 ; and I’crris, Ann. Hoc. enL France (4) .x. 
1870, p. 190. 
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2)res67iL This is a large family, yhose meinhers are ve-ry 
diversified, coiiserj[ueiitly definition of the whole is dihicult. The 
species of the typical sub-family Stratiomyinae generally have tlie 
margins of the body prettily marked witli green or yellow, a.nd 
the sciitellum spined. In the remarkable American genus, 
Ilerimtia, the abdomen is much constricted at the base, and tlie 
scutelluin is not spined ; in the division Sarginae the body is 
frecpiently of brilliant metallic colours. The species ■ all have 
an only imperfect proboscis, and are not blood-suckers. The 
larvae are also of diverse habits ; many of those of the Strati o- 
niyinae are a(piatic, and are noted for their capacity of living in 
salt, alkaline, or even very hot water. Mr. J. C. Ham on found 
some of these larvae in a hot spring in Wyoming, where he could 
not keep his liand immersed, and he estimated the temperature 
at only 20^ or 30° Fahr. below the boiling-point. The larva 
of Btratumys is of remarkably elongate, strap-like, form, much 
narrowed beliind, with very small head; the terminal segment 
is very long and ends in a rosette of hairs wliich the creature 
allows to float at the surface. After the larval skin, is shed tlie 
pupa, though free, is contained therein ; the skin alters but 
little in form, and has no organic connection with the pupa, 
wliich merely uses the skin as a shield or float. These larvae 
liave been very frequently descuibed; they can live out of tlie 
water. Brauer describes the larvae of the family as '"perip- 
ncustic, some perhaps amphipneustic.” Miall says there are, in 
Stmtiomys, nine pairs of spiracles on the sides of the body which 
are not open, though branches from the longitudinal air-tubes 
pass to them. There are probably upwards of 1000 species of 
Stratiomyiidae known, and in Britain we have 40 or 50 kinds. 
The American genus Ghiromyza, Wied., was formerly treated by 
Osteii Sacken as a separate family, Chiromyzidae, but Williston 
places it in Stratiomyidae. 

Fam. 14. Leptidae, including Xylophagidae and Coenomyi- 
idae. — -The LeyifAclae ^ro^er are flies of feehle build; ante^mae 
with three joints and a terminal bristle; in the Xylo'phayidae the 
antennae are longer, and the third joint is complex. The wings 
ham five posterior cells, the middle tibiae are spined. Pulvilli and a 
pulvilliform empodium present. The three families are considered 
distinct by most authors, but there has always been much difficulty 
about the Xylophagidae and Goenomyiidae, we therefore treat them 
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as sub-families. The Xylpphaginae are a small grou]) of sl(3nder 
Insects, perhaps most like' the short-bodied kinds oi. Asilidae ; 
the third joint of the antenna is vaguely segmented, and therci 
is no terminal bristle. RhaclhiceTiis is a most anomalous 
little fly with rather long stiff antennae of an almost nenio- 
eerous character, the segments of which give off a sliort 
thick prolongation on each side, reminding one of a two-edged 
saw. The three or four British species of Xylopliagina(3 

are forest Insects, the larvae of which live under bark, and 
are provided with a spear-like head with whicli they piercci 
other Insects. The Coenomyiinae consist of the one genus 
Coenomyia, with two or three European and Xorth American 
species. They are remarkably thick-bodied, heavy flies, reminding 
one somewhat of an imperfect Stratiornyid destitute of orna- 
mentation. The metamorphosis of C. ferrur/inea has been 
described by Beling.^ The larva is not aquatic, but lives in 
burrows or excavations in the earth where there are, or have 
recently been, rotten logs ; it is probal)ly predaceous. It in 
cylindric, with an extremely small head and eleven other segments, 
the stigma on the first thoracic segment distinct ; tlie terminal 
segment is rather broad, and the structures surrounding the 
stigma are complex., The pupa 
has stigmata on each of ab- 
dominal segments 2 to 8. Not- 
withstanding that the fly is so 
different to Xylo-;phag%is, the 
larvae indicate the two forms 
as perhaps really allied. One 
of the Leptinae, Atlurix ibis, 
has a singular mode of ovi- 
position (Fig. 227), the females 
of the species deposit their eggs 
in common, and, dying as they 
do so, add their bodies to the 
common mass, which becomes mo. 227 . — Atherix this, a. The fly, nat. 

an agglomeration, it may he J overhanging 

« , T , , water, much reduced. 

of thousands of individuals, and 

of considerable size. The mass is attached to a branch of a 
bush or to a plant overhanging water, into which it’ ulti^ 
^ Verh, Ges. Wien, xxx. 1880, p. 343. 
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iiiately ia-lls. These curious aocmnulations are occasionally 
found in England a,s well as on the Continent, hut no reason 
for so peculiar a lia])it is a,t present fortlicoining. Still iiiore 
remarkable are the habits of some European Lepticis of the 
genera Verm.ileA) (^rm/imnorycier of some authors) and Lam/j)- 
roimjiAi., slender rather small flies of Asilid-like appearance, the 
Lirvae of which form pit-falls after the manner of the Ant-lion. 
According to Beling^ the larva oi Le/ptis is very active, and is 
distinguished Ijy having, the stigmatic orifice surrounded by four 
(piite equal, ([uadra,ngularly placed prominences ; and at the other 

Fig. 228.— Larva ol’ 
Vermil&o degceri 
( Psamm>oTycter ver- 
iidleo). A, lateral, 
B, <lorsal view : 
p, an abdominal 
pseudopod ; st, 
stigma. Europe. 
(After Eeaimiur 
and Braucr.3 

extremity of tlie body a bhickish, naked, triangular pbite ; on tbe 
under side of eacli of seven of the abdominal segments there is a 
lutiul of spiifes. The larva of Atherix has seven pairs of abdominal 
ieet. jVltogether tlnu'e are some two or three liundred known 
s])ecies of Lejjtidae ; our Th^itisli species scarcely reach a score. 
They ar(i diistitute of biting-powers and are harmless timid 
creatures. L(yptiH mdopami, the most conspicuous of our native 
species, a- soft-bodied Ify of rather large size, the wings much 
marked with dark colour, and the thick, pointed body yellowish, 
nmrk(*.d with a row of large black spots down tlie middle, is a 
common Insect in meadows. 

Fam. 15. Tabanidae {Breeze - OUggs, or JTorse - flics, 
also fre([uently called Gad-flies). — Prohoseis fleshy, distincA., en- 
vmqyping pointed horny processes, palpi distinct, terminal joint 
inflated, pendent in front of prohoscAs. Antennae projecting, four - 
jointed, second joint rery short, third 'variaUe in form, fourth 
forming an indistinctly segmented continuation of the third, hut 
not ending in a hristle. A perfect squama in front of the halter. 
Byes large, very large in the 'males, hut laterally extending, rather 
than globose. This large and important family of flies, of which 
’ Arch. jAat'icnjcs. xli. i. 1875, p. 48. 
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■Willistoii states that 1400 or 1500 si)ecies are luiined, is 
well known to travellers on account of the. l)loO(l-sn(;.king 
habits of its inemhers ; they ha,ve gre.a,t powers 
of flight, and alight on nuiu and a.uiiaals, a,nd 
draw blood l)y making an incision witli the 
proboscis ; only tlie females do this, the 
males wanting a pair of the lancets tha.t 
enable the other sex to inflict their for- 
midable wounds. Tliey are comparatively large 
Insects, some of our Englisli species of Tahamts 
attaining an inch in lengtli. The smaller, grey 
Haematopota, is known to every one who has 
walked in woods or meadows in the summer, as 
it alights quietly on the hands or neck and 
bites one without his having previously been 

J made aware of its presence. The laagaii* Tahani 
^ I hum so much that one always knows when an 
. / individual is near’ The species of Chryso'i^fi, in 

w habits similar to IlaeMditofota, are reinarkalihi 

^ for their beautifully coloured golden-gr(*en ey(‘,s. 
In Brazil the Motuca fly, Ilad/nis 
Perty, makes so large and deep a cut tlmt con- 
siderahle bleeding may follow, and as it sonie- 
1^^ times settles in numbers on tlie Ixxly, it is 
^ deservedly feared. The most remarkable forms 

¥ig. 229 .— Pauffonia i -i • i* - i i t 

longirostris. x 01 Tabaiiidae are the species ol. the widely dis- 

Ha d^^ci trihuted genus Pccngonicc (Fig. 229). TIu^ pro- 

boscis in the females of some of the sjiecies is 
three or four times the length of tlie body, and a,s it is stiff and 
needle-like the creature can use it while hovering on the wing, and 
will pierce the human body even through clothing of consideral)h‘, 
thickness. The males suck the juices of flowers. The Seroot 
flies, which render some of the districts of Nubia uninhabitable 
for about three months of the year, probably belong to various 
species of Tabanidae ; e.g. Tabanus dorsivittd, mentioned by Flower. 
Tabanidae are a favourite food of the fossorial wasps of the 
family Bembeeidae. These wasps are apparently aware of the 
blood-sncking habits of their favourites, and attend on travellers 
and pick up the flies as they are about to settle down to tlieir 
pblebotomic operations. The larvae of the Tabanidae are some 
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of them aquatic, hut others live in the earth or in decaying 
wood ; they are. of predaceous habits, attacking and sucldng 
Insect -larvae, or worms. Their form is cyliiidric, attenuate 
a,t the two extremities; the slender small head is retractile, and 
armed with a, pair of conspicuous, curved black hooks. The 
]jody is surrounded by several promi- 
nent rings. The breathing apparatus is 
apparently 1)ut little developed, and con- 
sists of a small tul.)e at the extremity of 
the body, ca-palde of being exserted or 
withdrawn; indliis two closely approxi- 
mated stigmata are placed. In a larva, 
probaWy of this family, found by the 
writer in the sliingle of a shallow stream 
in the New hhjrest, the annuli are re- 
placed l.)y seven circles of prominent 
pseudopods, on the al)d(:)ininal segments 
about eight in each circle, and each of 
tliese feet is surmounted hy a crown of 
small ho(.)ks, so that there are fifty or 
sixty feet distributed c(piially over the 
middle part of the l)ody withoxxt refer- 
ence to upper or lower surface. The 
figures of tlie larva of T. cordiger, hy 
Brauer, and of Haematojwta hy 

Ikrris, are something like this, but have 
no setae on the pseudopods. The meta- 
morpliosiis of several Tabanidae are described and figured by Hart ; ^ 
the pupa is remarkably like a Lepidopterous pupn. We have five 
genera a,nd <about a score of species of Tabanidae in Britain. 

Fam. 16. Acanthomeridae. — A very small family of two 
genera {Aeanthomera and RhajphiorhyTLchus) confined to America, 
and including tlie largest Diptera, some being two inches long. 
The antenna is terminated by a compound of seven segments and 
a style ; the proboscis is short, and the squama rudimentary. 
The general form reminds one of Tabanidae or Oestridae. A 
dried larva exists in the Yienna collection ; it is amphipneustic, 
and very remarkable on account of the great size of the anterior 



A 

Fig. 230. — Larva of a Taba- 
iiid. I'i A t'l/loti IS fulviis,] 

A, tlie larva, x 3 ; B, 
head ; C, end of body ; 

B, one of the pseudopods. 
New Forest. 


stigma. 


B'ull. Illinois Lab, iv. 1895. 
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ram. 17. There vidae. — Modercde- sized flies, mth som&ie;hat 
the, (i])^cwnmee of short Asiliiue. They Time, however, ernly (v 
feeble feshy proboscis, and minute elctws, with ^yuhrUU hut no 
emyjodimn ; the antennae project, aar, short, 
three - jointed, ])ovihted . — Tlie flies of tliis 
family are "believed to be predaceous like, 
tlie Itobber-Hies, but they appear to very 
feebly organised for such a life. We have, 
about ten sp)ecies i .11 Eritain, and there 
are only some 200 known from [ill tlui 
world. But little is knowii as to tlie meta- 
morphoses. Meigeii found larva, e of T. 
_ , , noMlitcda in rotten stumps, but other hmvae 

'Eio.2Zl.‘—Tlierem{nsilo- ^ _ _ _ . . . . 

cephaici) coiifinis. L, have been recorded as devoiinng d(*,ad pupfu^ 
or larvae of Lepidoptera. The larva(.ii are said, 
to be elongate, very slender, woiTa-hlce, and 
to have nineteen body-segments, the posterior pair of spiracle, s 
being placed on what looks like the seventeenth segment, l)ut is 
really the eighth of the abdomen. The pupia is not enclosed 
ill the larval skin; that of Tsiloce 2 diala is armed with setae and 
sj)iiious processes, and was found in rotten wood li)^ .Fiaiieidbhl. 

Fam. 18. Scenopinidae. — Bather small flies, without hristles. 
Antennae three-jointed, the tlwrd joint rather long, yylilunit (rji- 
pendaye. Proboscis not p)'^'ojeeti%g. Ernpodiuin cehsent. Tliesci 
unattractive flies form one of the smallest fainilit^s, [ind imr 
chiefly found on windows. S. fenestndis looks like a tiny 
Stratiomyid, with a peculiar, dull, metallic surface. TliCi kirva 
of this species has been recorded as feeding on a vfiricty of 
strange substances, but Osten Sacken is of opinion^ that it is 
really predaceous, and frerpuents these substances in orchu’ to find 
the larvae that are developing in them. If so, hiwnopinm is usivfu 1 
in a small way by destroying luotli,” etc. The larva is a little 
slender, cylindrical, hard, pmle worm of nineteen segments, with a 
small brown head placed like a hook at one extremity of tlie body 
and with two short, divergent processes at the other extremity, 
almost exactly like the larva of Thereva, Full references to tli <3 
literature about this Insect are given hy Osten Sacken. 

Fam. 19. Nemestrinidae. — These Insects appear to be allied 
to the Bombyliidae. They are of medium size, of ten pilose, and 
^ EibL May. xxiii. 1886, p. 51. 
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^omdi/neH vrUh. Mu^sslrdi/ lon<j ^yrohuHrAn ; anUimae. short, vntli a 
f^irniple tJrird joint, and apjointcA, slend(n\i{n^ appe.ndage ; the 

tihiae ha/ve 7 m sjntrs, tkr cmpodvmii is 2^'idvilhis4ikc. The loing- 
7inriH(:raMo7i is perhaps the 7nost coiiijihx found in Tiptera, there 
heing ^mvumms cells at the tip, almost after the fashioQi of 
Neivropte/riL With tliis family \ve conunence the aerial forms 
couiposiiig the Troinoptera of Osten Sacken. l!^*emestrinidae is a 
BinaJl laiiiily ot aljout 100 species, hut widely distributed. 
Meijbstorlvif iudmis Urngirostris is about two-thirds of an inch long, 
but lias a junhoscis at least four times as long as itself. In 
South Ah’iea it may Ije seen endeavouring to extract, with this 
proboscis, the honey from the flower of a GiacUolus that has a 
perianth just as long as its own rostrum; as it attempts to do this 
wlien it is hovering on the wing, and as the proboscis is, unlike 
that of the llombylii, fixed, the Insect can only succeed by con- 
trolling its inovements with perfect accuracy; hence it has great 
difiiculty in attaining its purpose, especially when there is much 
wind, wlieii it frecpiently strikes the earth instead of the flower. 
M. W esteriua,nu thinks ^ the life of the Insect and the appearance 
and duration of tlie flower of the Gladiolus are very closely con- 
nected. The life-liistory of Hw7ri07ieum olscimo has recently been 
studied in Austria l)y Handlirsch and Brauer." The larva is par- 
asitic on the larva of a Lamellicorn beetle (Bhizotrogus solstitialis ) ; 
it is inetajmeustio, and the head is highly modified for predaceous 
j)iirposes. The young larva apparently differs to a considerable 
extent from tlie matured form. The most curious fact is that the 
jiarent fly does not oviposit near the Lamellicorn-larva, but places 
her eggs in the burrows of some wood-boring Insect in logs; the 
larvae wlnm hatched come to the surface of the log, hold them- 
selves up on their hinder extremity and are carried away by the 
wind ; in what manner they come into contact with the Lamellicorn 
larva, which feeds in turf, is unknown. The pupa is remarkable 
on jiccount of the prominent, almost stalked stigmata, and of two 
pointed divergent processes at the extremity of the body. This 
life-history is of much interest, as it foreshadows to some extent 
the complex parasitic life-histories of Bombyliidae. The Neines- 
trinidae are not represented in the British fauna. 

Fam, 20. Bombyliidae. — Body frequently fringed 7vith down, 

^ yimi. Soc. ent. France, ii. 1833, p. 492. 

Wic 7 i, c 7 iL ZeiL ii. 1883, pp. 11 and 24, i>l. i. 
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or covered in larjjG with h((ir. Letjf^ slender, daws snudi, 

loithout distinct enijiodiu'tn^ us-mlly with ovly mvnn.te yidAnlli. 
Frohoscis very long or moderate, antennae tJiree-jointwl, termimd 
joint not distinctly divided, somePimes large, sor/iePinics havrd/ike. 
This is a very large family, including 1500 species, and is of 
great importance to both naturalist and econoinist. Two well- 
marked types, formerly treated as distinct fa.milies, a.r(;‘. included in 
it — (1) the Bombyliides with very long exserted rostrum, and 
humped thorax; and (2) Antliracides, with a sliort bealc, and of 
more slender and graceful form. None of these Hies are blood- 
suckers, they frequent flowers only, and use their long rostrums in 
a harmless manner. The members of botli* of tliese groups usually 
have the wings ornamented with a pattern, which in Anthrax 
is frequently very remarkable; in both, the clotliing of the 1)ody 
is frequently variegated. Their powers of flight ai’e very great, 
and the hovering Bomhylius of early spring is endowed with an 
unsurpassed capacity for movement, remaining perfectly still on 
the wing, and darting off with lightning rapidity; Anthram i's 
also most rapid on the wing. In Britain we liave but few 
species of Bombyliidae, but in warm and dry climates they are 
very numerous. The life-history of these Insects was till recently 

unknown, but tliat of Argyro- 
onoeha (^Anthrax') tri/asoiata lias 
been described by the Brencli. 
naturalist, Balire, who ascertained 
that the species is parasitic on the 
Mason-bee, Ohcdico d.orna muraria, 
that forms nests of solid mas- 
onry. He endeavoured to dis- 
cover the egg, but failed ; the 
parent -fly oviposits, it appears, 
hy merely dropping a minute 
egg while flying over the surfaca^ 
of the mass of masonry by which 
ooo ^ grubs of the Chalieodoma are 

Fig. 232 . — Argyromoelxi tnfasciata. A, ^ 

Young larva; B, adult larva; c, xirotected. Froiu tliis egg there 

A,'G;eatly!B"c: dighCnagr^fed!' ’ ^ delicilte Ver- 

miform larva (Fig. 232, A). In 
order to obtain its food, it is necessary for this feeble creature to 
penetrate the masonry ; apparently a hopeless task, the auiiMii 
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Ixiiiig sca,rce]y a, tweiitietii of a.n inch long and very slender; it 
is, howeYci^ provided with a deliexed horny head, armed in front 
with some stiff bristles, while on the under surface of the body 
there are lour pairs of elongate setae serving as organs of loco- 
motion ; thus endowed, the frail creature hunts about the sur- 
face of the masonry, seeking to find an entrance; frequently it 
is a long time before it is successful; but though it has never 
taheii <i,nj" food it is possessed of great powers of endurance. 
XJsually, iilter l)eing disclosed from the egg, it remains about 
.fifteen days witliout stirring ; and even after it commences its 
attempts to enter the nest it is still capable of a long life without 
tadcing any food. Possibly its organisation will not permit it to 
feed (sup)posing any food were obtainable by it) without its 
growing vSomewliat thereafter, and if so, its chance of obtaining 
entrance through the masonry would be diminished. ^ Abstention, 
it would appear, is the best policy, whether inevitable or not ; 
so the starving little larva continues its endeavours to find a 
cl link of entrance to the food contained in the interior of the 
iua,sonry. It has plenty of time for this, because it is better for 
it not to get into the cell of the bee until the grub is quite full 
grown, and is about to assume the pupal form, when it is quite 
incapable of self-defence. Finally, after greater or less delay, 
tlie persevering little larva succeeds in finding some tiny gap in 
tlie masonry through Which it can force itself. M. Fabre says 
tliat tlie. root of a plant is not more persistent in descending 
into the soil that is to support it than is this little Anthrax 
in insinuating itself through some crack that may admit it to its 
fo<xl Having once effected an entrance the organisation that 
has enabled it to do so is useless; this primary form of the larva 
has, in fact, as its sole object to enable tlie creature to penetrate to 
its food. Having penetrated, it undergoes a complete change of 
form, and appears as a creature specially fitted for feeding on the 
cpiiescent larva of the bee without destroying it. To accomplish 
this requires an extreme delicacy of organisation and instinct ; 
to bite the prey would be to kill it, and if this were done, the 
Anthraac would, Fabre supposes, ensure its own deaths for it 
cannot feed on the dead and putrefying grub ; accordingly, the 
part of its body that does duty as a mouth is merely a delicate 
sucker which it applies to the skin of the Chalicodoma-givib ] 
and tliiis without inflicting any perceptible wound it sucks day 
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after day, chaiigiug its position frequently, until it honS coni] )le tel}" 
emptied the pupa of its contents, nothing heiiig left hut the skin. 
Although this is accomplished without any wound being iiihicted, 
so effectual is the process that all tlie Chalicodoona is gradually 
absorbed. The time requisite for completely emptying tlie victim 
is from twelve to fifteen days; at the end of this time the 
Antlirax-hiVYci is full grown, and the question arises, liow is it to 
escape from the cell of solid masonry in which it is imprisoned ? 
It entered this cell as a tiny, slender worm througli a minute 
orifice or crack, but it has now much increased in size, and exit 
for a creature of its organisation is not possilile. Tor some 
months it remains a quiescent larva in the cell of the Chali- 
cocloma, hut in the spring of the succeeding year it undergoes 
another metamorphosis, and appears as a pupa provided with a 
formidable apparatus for breaking down the masonry hy which 
it is imprisoned. The head is large and covered in front with 
six hard spines, to he used in striking and piercing the masonry, 
while the other extremity of the body bears some curious horns, 
the middle segments being armed with rigid hairs directed 1 )a.ck- 
wards, and thus facilitating movement in a forward direction a,nd 
preventing slipping backwards. The pupa is strongly cifrved, 
and fixes itself by the aid of the posterior spines ; tlien, unl)en(l- 
ing itself it strikes with the armour of the other extremity 
against the opposing wall, which is thus destroyed piecemeal 
until a gallery of exit is formed; when’ this is completed the 
pupa -skin bursts and the perfect fly emerges, leaving the 
pupa-case still fixed in the gallery. Tlius this species appears 
in four consecutive forms — in addition to tlie egg — each of 
which is highly specialised for the purposes of existence in that 
stage. 

The habits of our British Bombyliiis major liave been partially 
observed hy Dr. Chapman,^ and exhibit a close analogy with 
those of Anthrax trifasciata. The hee-larva that served as food 
was in this case Andrena lahialis^ and the egg was deposited 
by the fly, when hovering, by jerking it against the liank in 
which the nest of the bee was placed. 

It has recently been discovered that the larvae of various 
species of Bombyliidae' are of great service by devouring the 
eggs of locusts. Eiley found that the egg-cases of Caloydenus 
^ Mnt. Mag. xiv. 1878, p. 196. 





a-iv. (‘iiiptic'd <)(‘ Uu‘,ir coiitouls ]yy the hirvae of Systocchus 
^^/VYOS* and 7ViodiU^ mn,^. A siiriilar oT).servatioii has been made 
iu th(‘, Troad ])y Mr. Calvert, who found that the Bomb}diid, 
CWy/(Ys/a'///Y4yV/.,s7'/>^//.7/.ns, destroys large quantities of the eggs of 
(kdoplrwuH IfMlutm. Still more recently M. Kiinckel cVHerculais 
Iia.s dis(*()V(‘,ri‘d tha,t the destructive 


locvLst dtidfTo'not iiH 'maroecamifi is 
krpt in cheek in Algeria iu a 
siinila.r manner, as many as 80 
|H*r cent of‘ the Ciggs of the locust 
bid ng til us (h‘stroy(Ml in certain 
IcH/ulities. He observes that the 
larva of tln^ ily, after being full 
IVmI iu the- autumn, passes the 
winter in a state of letlungy — 
ho calls it ‘'hy])nody'' — in the 
<*g^g-(.'a,s(i of the locust, and he 
furthm* informs us that in the 
<*a,s(^ of An Uirax f ni which 
tlovours the eggs of the large 



Fig. 233. — Systf 02 ms cnulelis. South 
Africa. A, Pupa ; B, imago, aj)- 
peiidages of the left side removed. 
(After Westwood.) 


(dn-Herudf's, tin*, lethargy may be prolonged for a period of three 
years. After the ])upa is formed it works a way out of the case 
by nu.ans of its a-rmature, and then again becomes for some days 
iinniohile before the perfect fly appears. Lepidopterous larvae 
a-r (5 also attacked Tiy Bomliyliid flies. A species of Systropus has 
Ikmui ujcorded as destroying the larva of Limacodes. Several of 
tJui Bornhyliids of the genus just mentioned are remarkable for 
tdic- great resemlilance they display to various Hymenoptera, some 
of them being very slender flies, like the thin bodied fossorial 
Hymenoptera. The difference between the pupa and imago in 
this case is very remarkable (Fig. 233). 

Fam. 21. Acroceridae or Cyrtidae. — Flies of the average size, 
of peculiar form, the small head consisting almost entirely of the 
eyes, and hent down under the humped thorax : wings small, halteres 
entirely concealed ly the very large horizontal sguamae ; antennae 
'very diverse. The peculiar shape of these flies is an exaggeration of 
that we have already noticed in Bomlylius. The mouth in Acro- 
ceridae is very variable ; there may be a very long, slender proboscis 
(Acrocera), or the mouth-parts may be so atrophied that it is 
iloubtful whether even an orifice exists {Ogcodes). There are but 
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few species known, and all of tliein are i‘a,re ; ' in Brifcain wo 
Lave ‘but two (Ogeodes gihhosm, Acrocc/m gloJnih/H). Tke genus 
Fterodontia, found in N’ortli America and Australia,, an inflated 
bladder -like form with n minute liead, is 
y amongst the most extraordinary of all tlu^ 
forms of Diptera. The ]ia])its are very 
peculiar, the larvae, so far as known, all 
living as ])arasites within the Imdies of 
\ I spiders or in their egg-])ags. It ap])ears, 

1 \ j Iiowever, that the flies do not oviposit in 

^ I \ appropriate places, l)ut place their (^ggs on 
Fig.234.— Stems of plants, and the young larvae have 

their way to the spiders. Brauer has 
described the larva of the Eurojiean Asia- 
media lindeni^ which lives in the body of a spider, Cteniza 
■ ariana ; it is amphipneustic and maggot-like, the head 1 )eing 
extremely small. The larva leaves the body of the spider for 
pupation ; the pupa is much arched, and the head is destitute of 
the peculiar armature of the Bomhyliidae, but has a serrate ridge 
on the thorax. Emerton found the larvae of an AcnHuvra in tlie 


webs of a common North American spider, Amaurolmis HylvedrlH, 
they having eaten, it was supposed, the makers of the col.)webs. 

Fam. 22. Lonchopteridae. — Small, dender Jlies, with pointed 
wings, short, porrect antenoiae, with a simple, cirenlar third joint, 
hearing a bristle ; emgiodium mry small, pulvilli ahsenL — Only one 
genus of these little flies is known, but it is apparently widely 
distributed, and its members are common Insects. They have 
the appearance of Acalyptrate Muscidae, and tlie nerviiration of 
the wing is somewhat similah, the nervures being simplci and 
parallel, and the minute cross -nervures placed near the base. 
The systematic position is somewhat doubtful, and tlie meta- 
morphoses are but incompletely known, very little liaving b(.ien 
added to what was discovered by Sir John Lubliock in 1862.'^ 
The larva lives on the earth under vegetalde matter ; it is vtuy 
transparent, amphipneustic, with a peculiar head, and with fringes 
on the margins. This larva changes to a semi-pupa or apterous 
maggot-like form, within the larval skin ; the triui pupa was 


^ For figures, etc., cf. We.stwood, Tr. mt. doc. London, 1876, p. 507, pis. v. vi. 
^ Verh. Oos. Wien, xix. 1869, p. 737, pi. xiii. 

^ Tr. ent. S'oc. London (3) i. 1862, p. 338, j>l. xi. 
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not, l,v I.iil,|„,ck, l.ui, Fviiuenibld' Iiuk .since ol), served it, 

Ihoiioh In- only ^lucntinn.s tiiut it p< i.s.se.sse.s diflerentiated limbs 
;iml sconii-iits. The iiietauiorplio.se.s appear to be very peculiar. 
I !ii.s lly t horoiii^'h study. 

Fam. 23. Mydaidae.— of elongate, f orm ; the hind 

'uu'ii io}uj and Ididhrd hauud/i.; Ill e. antennae Imohhed at the tip, 
/ianjrrfing, rr/ttar lataj, the banal joint dejln/ite, Init the divisions 
fj Hi*' it joints more or h'ss indiMind^ E-mpodimn small 

/I najs J ret! a lid If heavily pigmented; with a eamplex nervnration. 
I lhu‘ f!ii\s ur<‘ (exotic; u, idw species occur in the Mediter- 


/ emt 


lUHfnn vi-/um, even in the Soutli of Europe; the chief genus, 
Myitas, is South Ainericun, Imt most of the other genera are 
AiistraliiUi or Alih'au. Ihit little is known as to the life- 
histories. *'rh(‘ larvae are thought to live in wood, and to prey 
on ( ‘oleopterons laTva.(‘.. 


Fam* 24. Asilidae {Jiohher-JHes'). — Month forming a shoot, 
projeehny honvy beak, the palpi usually only small ; the feet 
yeiu rally It ryvly developed ; the daws Uirge, frexpaently thick ayd 
ida/d, the jvalvifft yetierally elongate, the empodvumi a. bristle; 
haileres /rt'e ; no sifian/ta. Tlu*. Asilidae is one of the largest 
fainilie.s ai’ and probably inclndes about 3000 described 

HpecdoH : an will readily 1 h‘, ])elieved, there is much variety of 
form : some are. short and thick and extremely hairy, superficially 
reHeiii!>lin|.C hairy bfHiS, lait the ina.jority are more or less elongate, 
the abdoninn iicdug sp(H'ially long, and having eight segments 
<‘(UispieuouHly displayisl. The antennae are variable, ' but are 
tlrree^joiut(‘d with a tcuininal appendage of diverse form and 
St ru('tur(‘. Tla^y Indong to the super-family Energopoda of Osten 
Haekiui, lai t ilui asKociation of Empidae and Dolichopidae with them 
doj‘H iifii Hecmi to h(i very natural. In their perfect state these 
II it‘H are most vonmiouH, their prey being Insects, which they 
wdze aliv«*. and iin])ale with the rostrum. They are amongst 
the. iiumt foi-midalde of ftjes and fear nothing, wasps or other 
Htinging InHectH being attacked and mastered by the stronger 
Hpi»cdeH without difficulty. They have been observed to capture 
even clragnn-ffieH and tiger-beetles. As is the case with so many 
cdlier InscxjtB that prey on living Insects, the ajDpetite in the 
Asilidao Hcenis to be insatiable; a single individual has been 
obnerved to kill eight moths in twenty minutes. They have 


i Verh. Gcs. Wien, xix. 1869, p. 941. 
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been said to suck blood from Yertebrates, ],)iit this a,i)i)earH to 
erroneous. The nietainorphoses of a „lew sjiecies have been ob- 
served. Perris has called attention to the close alliance hetwotm, 
the larvae of Tabanidae and of Asilidae,^ and it seems at presteiit 
impossible to draw a line of. distinction between tlie two. S(j 
far as is known, the larvae of Asilidae are terrestrial aiul 
predaceous, attacking more partiexdarly the larvae oi (Joleoptera., 
into which they sometimes bore ; in Lwi)liTla there ai*e niimerous 
pseudopods, somewhat of the kind shown in Fig. 2r]0, but less 
perfect and without hairs ; the head and breathing orga,iLs a.pj)ea.r 
to be very different. According to Beling’s descriptions of the 
larvae of Asilus, the head in this case is more like that of tlui 
figure, hut there are no pseudopods. The Hies of Asilidae and 
Tabanidae are so very distinct that these resemblances Ijctweeii 
their larvae are worthy of note. 

Fam. 25. Apioceridae. — Moderate-sized fl ies marhed wi th Ida eh 
and white, loith an a^fearcmce lihe that of some Museidae and 
Asilidae; with clear wings, the veins not deeply coloured ; antennf(e 
short, loith a short, simple appendage ; no empoddum. But litth ^ 
is known as to the flies of this family, of which only two gene,ra,, 
consisting of about a dozen species, are found in FTorth Americ.a., 
Chili, and Australia. Osten Sacken is inclined to treat them 
as an aberrant division of Asilidae. Brauer looks on them as 
primitive or synthetic forms of much interest, and has briefly 
described a larva which he considers may be that of Apiocera, 
but this is doubtful; it is a twenty-segmented form, and may be 
that of a Thereva? 

Fam. 26. Empidae. — Smcdl or moderate-sized flics of ohscvre 
colours, grey, rusty, or llach, with small head, somewhat globular 
in form, ivith three-jointed antennae, the terminal joint long a/rid 
pointed ; usually there is a lo7ig slerider beak ; the legs are elongate, 
freguently hairy ; the tarsi bear long pidvilli and a small evi- 
podium. The Empidae are an extensive family of flies, with 
predaceous habits, the rostrum being used by the female an 
an instrument for impaling and sucking other flies. They are 
occasionally very numerous in individuals, especially in wooded 
districts. There ia great variety ; there are nearly 200 speciea 
in Britain. The forms placed in the sub-family Hyhotinae arc^ 
curious slender little Insects, with very convex thorax and 
Ami, 80c. ent. France (4) x. 1S70, p. 221. ^ Ak. Wim, xci. 1885, p. :392. 
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him I In HevieTodromia the front legs are raptorial, 

tlii^ leiuora laoiig armed with spines on wliicli the tibia, e 
so as to tV)r in a sort of trap. Many Empidae exeeaite 

a.(*rial da net ‘s, and some of the species of the genus Ilikmi are 

notorious for earrying veils or nets in the form of silken webs 
nion*. or less (huisely woven. This subject is comparatively new, 
the iaet laiviug been discovered by Baron Osten Sacken in 

1877/ and it; is not at all clear what purpose tliese peculiar 
coiistiaietious S(*rve ; it appears probable that they are carried 
l>y UKuius ol‘ th(i hind legs, and only by the males. Mik thinks 
that in //. sartor tlie veil acts as a sort of parachute, and is of 
use. in ('arrying on the aerial performance, or enhancing its 

(dr<*(*t ; while, in tlie case of other species, JI. mawu and I£ inter- 
dlnrla, tht^. objiMd appears to be the capture or retention of ])rey, 
a,rter tin*, maiuuu* of spiders. The source of the silk is not 
known, a.n<I in fact all the details are insufficiently ascertained. 
Tin*. l}M'va.(‘. of hhupidae arc described as cylindrical maggots, with 
v(‘.ry small hc‘a,d, and imperfect ventral feet; the stigmata are 
ainphipiKUistic-, the thoracic pair being, however, excessively 
small ; hcnealh the posterior pair there is nearly always a tootli- 
or spinediki! prominence present. 

Fam. 27. Dolichopidae. — Graceful flies of moMllic colours, 
(f modrraU or small size, and long legs ; usually with Iristles on the 
thorax and Irtfs, fJie halteres exposed, squamae 
helng quite ah seat ; antennae of two short stout 
joints (of whirlh the second is really two, its 
dirisuai hcliui uiore or less distinef), with «- 
Urrcad4ike or lutvr-like appendage. Frohoscis 
short, flfshy, (Jlaws, pulmlli, and empodiuvi 
small ; irlngs with co simple system of nerimres, 
those on the post.erioT pa,rt of the wing are hut 
fea\ there is no anterior basal cross-rein be- 
hirer a, the disced and second basal cells, which 

in t 7 j, n ri*'! * ’ 1 r IG. 235. ““A, Ijfirvfl., 

tJeerefore Jorm but one cetl. inis is also a Mede- 

VW’V cxtcnisivc family of flies, of which we term amU<;uw. 

^ - • -o ‘i. • Prance. (After 

have probal)ly about 200 species in Britain. perris.) 

They aro ccnispicuous on account of their 

golden, or golden-green colours, only a few being yellow or black 

' Kill. Miuj. xiv. 1877, ii. 226 ; for a discussion of the subject see Mik, Wie,n. 
ad. ZHt. xiii. 189-1, p. 273. 
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The males are remarkable for the curious special clmracters tliey 
possess oil the feet, antennae, face, or wings. These characters 
are not alike in any two species ; they are believed to lie of the 
nature of omainents, and according to Professor Aldricli a,nd otliers 
are used as such in courtship.^ This family of flies approaches 
very closely to some of tlie Acalyptrate Muscidae in its cluir- 
acters. It is united by Brauer with Empidae to form tlie trilie 
Orthogenya. Although the species are so numerous and 
abundant in Europe, little is known as to their nietaniorplioses. 
Some of the larvae frequent trees, living under the liark or in 
the overflowing sap, and are believed to be carnivorous ; tliey are 
ainphipneustic ; a cocoon is formed, and the pupa is remark- 
able on account of the existence of two long liorns, hearing tlui 
spiracles, on the hack of the thorax ; the seven pairs of abdominal 
spiracles being excessively minute.^ 

Series 3. Cyclorrhapha Aschiza 

Fam. 28. Phoridae. — Smcdl jlies, with, nery cowdcx thorax, 
small hexid, very small two-jointccl antennae, hearimy a long seta ; 
femora more or less Iroad ; wioigs with two dark, thick, ajyproxi- 
mate veins, meeting on the front margin near its middle, and 
"besides these, three or four very fine veins, that ran to the margins 
in a sub-ymrallel manner with, out forming any cells or forks. This 
obscure family of flies is of small extent, but its members are ex- 
tremely comnion in Europe and North 
America, where they often occur in 
numbers running on the windows of 
houses. It is one of tht3 most isolated 
Fio. 236.-Wing of THneura groups of Diptei'fi, and great (liffiirence 

aterrima, one of the Phor- of opinion prevails aS tO itB clilHsifica- 

idae. Britain. ^ - mi • j • • t 

tion. I lie wmg-iiervuration is peculiar 
(but varies somewhat in the species), the total absence of 
any cross -veins even on the basal part of the wing being 
remarkable. There are bristles on the head and thorax, hut 
they are not arranged in a regular manner. The larvae 
live in a great variety of animal and vegetable decaying matter, 

^ Amer. Natural, xxviii. 1894, p. 35. 

^ Ferris, Ann. Soc. ent. France (4) x. 1870, p. 321, pi. 4 ; and Laboiilbene, op. 
cit. (5) iii. 1873, p. 50, j)!. v. 
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and attack living Insects, a,nd even snails, though probably 
only wlien these fire in a sickly or diseased condition. The 
rnetaniorphoses of several species have been descri]:)ed.^- Tlie 
larva , 0 a, re nither slender, hut siil)-conical in form, with eleven 
segments find a vmy snadl liead, amphipneiistic, tlie body behind 
terminated by some pointed processes. The j>upa is renifirkable ; 
it is contf lined in a case formed by tlie contracted and hardened 
skin of the larva; thougli it differs much in form from the 
larva the segmentation is distinct, find from the fourth segment 
there proj'ect two slender processes. These fire breathing organs, 
attached to the protliorax of the imprisoned pupa ; in what 
manner they effect a passfige through the hardened larval skin 
is 1)y no means clear. l^erris supposes thfit holes for them 
pre-exist in the larvfil skin, and that the newly-formed pupa by 
restless movements succeeds in bringing the processes into such a 
position that tliey can pass through the holes. The dehiscence 
of tlie puparium seems to occur in 
fi soinewliat irregular luanner, as 
in Microdcm ; it is never Cyclor- 
rhaphous, and according to Perris 
is occfisioiifilly Orthorrhaphous ; 
jirobably tliere is no ptilinum. 

The Insect recently described by 
Meinert <as Aemigmatias llattoidezf 
is so anomalous, and so little is 
known about it, that it cannot at 
present 1)6 classified. It is com- 
pletely apterous ; the arrangement 
of the body-segments is unlike that 
of Diptera, but the antennae and 
mouth-parts are said to be like those of Phoridae. The Insect 
was found near Copenhagen under a stone in the runs of Fcmnica 
fmca. Meinert thinks it possible that the discovery of the 
male may prove Aenigmatias to be really allied to Phoridae, 
and Mik suggests that it may be the same as Platyiiliora lulhocld, 
Verrall, known to be parasitic on ants. Dahl recently described 
a wingless Dipteron, found living as a parasite on land-snails in. 
the Bismarck archipelago, under the name of Pulicigdiora ludfera, 



Fig. 237 . — A enigmatim hlattoides. 
X 27. Denmark. (After Meinert.) 


^ Perris, Ami. Sue. ent. France (4) x. 1870, p. 354. 
^ Ent. Meddelelscrf ii. 1890, p. 213. 
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aad Wandolleck lias recently made for this and some allies tiie 
new family Stethopathidae. It seems donbtfal whether these 
forms are more than wingless Phoridae. 

Fam. 29. Platypezidae. — Small files, with, j^orrcA't three- 
jointeil a7itemiiu, first two joints short, third loufjc/v, nnth a, 
terminal seta; no histles on the lack; hmd krjs of mak, or of 
hoth sexes, with 'j)ee%licvr, 'broad, flat tarsi ; the niiddle tilriae bear 
spurs; there is no empodjimm Platypezidae is a small family 
of flies, the classification of which has always been a matter of 
considerable difficulty, and is still uncertain. The hirvaci are 
broad and flat, fringed at the margin witii twenty-six spines ; thci)^ 
live between the lamellae of Agaric fungi. At pupation tlie form 
alters but little ; the imago emerges by a liorizontal cleft occurring 
at the margins of segments two and four.^ We liave four genera. 
{Opetia, Platyencma, Platyp)eza, Oallomyia), and nearly a. scoui of 
species of Platypezidae in our British list, but very little seems to 
be known about them. There is much difference in tlie ajos of 
the sexes, in some at any rate of the species, they being I'lrgc aiid 
contiguous in the male, but widely separu-ted in the female. 

Fam. 30. Pipunculidae." — Snudl flies, 'with rery short anteai-nae 
bearing cc loncf seta that is owt terminal ; head ahuost ylolmlar, 
formed, except at the back, almost entirely by the larye (mijomed 


e'yes ; the head is only slightly smaller vn the female, hit in, 
the male the eyes are more apirroximate at the toyr This is 

another of the small fami- 
lies of flies, that S(‘,ems dis- 
tinct from any other, though 
possessing no very im- 
portant characters. 1 u i n? u ly 
of the flics that have*, very 
large eyes, tlie head is 
citiiez’ flattened (t-e. cc >tii- 
pressed from lie fore hack- 
wards, as in Talianidae, 
AsHiclae), or forced beneath the humped thorax (as in Acro- 
eeridae), but neither of these conditions exists in IHjmncnlvs ; 
in them the head extends far forwards, so that the area of the 



Fig. 238. — Head of Pipimcidibs .sp. A., Seen from 
in front ; B, side view, sliowing an auteiiiia 
magnified. Pyrenees. 


^ Frauenfeld, Verh. Gcs. Wien, xx. p. 37, pi. iii. 

For monograph of Pipunoulidae, see Becker, Merlin, eat. Zeitschr. xlii 189" 
pp. 25-100. ^ 
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eye C()in]){ire(l with tlu*. ,siz(‘. of th(‘. Ixxly is ])e.rhii|>s greater than 
ill any other I )i|)t(n-a. The gejieral form is soniewliat tlrnt of 
A.nthriui', hut th(‘- V(‘,im,tion on the liind part of the wing is much 
less coin])h'.x. 'J'he.ri': is a lamiarkahle difference Ijetween the facets 
on the front and tlui liack of thesti great eyes. We have three 
genera, a,iic} about a, dozen species of Idpunculidae in Britain hut 
a,pparentl}' tla^y are far from coinnion Insects. What is known 
almut tlu'. lifi‘-history is almost confined to an imperfect oliserva- 
tion hy liolKunan, who found th(‘, larva of r.Jusc/i/j)es living after 
the niannca; of a Ilymenoptm-ous para.site in the l)ody. of a small 
Homopte, rolls inseid.’ Th(‘. -jmpa. seems to he of the type of that 
of Syrphidan. 

Fam. 31. Oonopidae. — Elegant Jiies of onoderate size, of varied 
colours, with aJnlonien slender a.t the base, at the tip strongly 
incurml and thicker; antennae inserted close together on a 
prorn/l 7 iP/nce, ihree- join, ted, first joint sometimes very short The 
upper surface of the body ivithout bristles or with but few. There 
is a, slender, flougafe. gmohoscis, which is retractile and, usually 
invisible. Tliis i*ather small lamily of hies includes some of the 
most remarkalile forms of Diptera; it includes two divisions, 
the Coiiopinae with long antennae terminated liy a, very minute 
poirxted process, and Myopinae with shorter antennae hearing a 
hair tliat is not jilaced at the end of the third joint. Tlie 
former ar(3 tlie more wasp-like and elegant ; the Myopinae being 
much morti like ordinary liies, though they frequently liave 
curious, inflated heads, with a white face. The mode of life of 
the larva of (Jo'mrps is iieculiar, it lieiug parasitic in the interior 
of Bomhus, or other Hymenoptera. They have been found to 
attack Bonilms, GhaMaodorria, Osniia, Vespa., Pompilus, and other 
Acnleates. Williston says that Orthoptera are also attacked. 
Oonops has been seen to follow Bumhle-hees and alight on them, 
and Williston says this act is iiccompanied hy oviposition, tlie 
larva that is hatched boring its way into the body ’of the bee. 
Others have supposed that the flies enter the bees’ nests and 
place their eggs in the .larvae or pupae ; but this is uncertain, for 
Conops has never been reared from a bee-larva or pupa, though 
it has frequently been procured from the imago : cases indeed 
having been recorded in which Conops has emerged from the body 

^ Ofv. Ak. Fork. xi. 1854, p. 302, pi. v., since confinuod by others, see Giard, 
C.M. Ac. kid. cix. 1889, pp. 79 and 708. 
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of ii Bomhus several months after the Litter laid l)e 0 ri killed a,iid 
placed ill an entomologist’s collection. The larva is broad, and 
when full grown apparently occupies nearly all the spa,ce of 
the interior of the abdomen of the bee ; it has very peculiar 
terminal stigmata. The pupa is formed in the larval skin, 
which is greatly shortened and indurated for the purpose ; tliis 
instar bears, in addition to the posterior stigmata, a pair of 
slightly projecting, anterior stigmata. We have several species 
of Conopidae in Britain ; those belonging to the division 
Gonopinae are all rare Insects, but the Myopinae a, re not so 
scarce ; these latter are believed to be of similar hal)its witli 
the Gonopinae, though remarkably little is known al)out them. 
This is another of the numerous families, the I’elations of which 
are still a subject for elucddation. Brauer places the Conopidae in 
his section Schizophora away from Syrphidae, but we do not com- 
prehend on what grounds ; an inspection of tlie head shows tliat 
there is no frontal lunule as there is in Eurnyiidae ; Ijoth Myopa and 
Conops agreeing fairly well with Sy?yJms as to this. We therefore 
place the family in its old position near Syrphus till the relations 
with Acalypterate Muscidae shall be better estaldished. 

Fam. 32. Syrphidae {Hoxer -flies ). — Of moderate or rather 
large size, frequently spotted or handed, until yelloio, with a thick 
fleshy proboscis capable of being witli.dra.w7i into a cleft on the 
under side of the head ; antennae not placed in definite ea/oities, 
tlwee-jointed (^usually very shorfi), and leaving a. seta that is not 
terminal in position, and may be feathered. Squama variaUe, neMr 
entirely covering the halteres; the chief {third to flftlh) longitud/inal 
veins of the icings connected near their termination by cross-veins 
and usually thus forming a sort of short margin parallel with the 
hind edge of the wing; am.ore or less impel feet fcdse nervure run- 
ning between the third and fourth longitudinal ncrvv/res ; no ein- 
podium and generally no distinct system of bristles on the bark of 
the body. The Syrphidae (Fig. 212) form one of the largest and 
best known of all the families of flies ; they abound in our gardens 
where, in sunny weather, some species may be nearly always 
seen hovering over flowers, or beneath trees in places where the 
rays of the sun penetrate amidst the shade. There are two or 
three thousand species known, so that of course much variety 
exists; some are densely covered with hair (certain Volueella and 
others), many are of elegant form, and some bear a consider- 
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able reseniblauee to irynieiiopteni of various groups. The 
peculiar veiiiiiig of the wings permits of their easy identification, 
the line of two nerviiles, approximately parallel with the margin 
of tlie distal pa,rt of tlie wing (Fig. 212, D), and followed by a deep 
l)a,y, being eminently characteristic, though there are some excep- 
tions ; tliere are a hvw forms in which the antennae are exceptional 
in having a terminal pointed process. The proboscis, besides 
the membranous and fleshy lips, consists of a series of pointed 
slender lancets, the use of which it is difficult to comprehend, as 
the Insects are not known to pierce either animals or vegetal)les, 
their food being chiefly pollen ; lioney is also doubtless taken 
by some species, l3ut the lancet -like organs appear equally 
ill -adapted for dealing witli it. The larvae are singularly 
diversified ; first, there are the eaters of Aphidae, or green-fly ; 
some of these may be generally found on oiir rose-bushes or on 
tiiistles, when they are much covered with Aphids ; they are soft, 
maggot -like creatures with a great capacity for clianging their 
shape and with much power of movement, especially of the 
anterior part of the body, which is stretched out and moved 
about to obtain and spear their prey : some of them are very 
transparent, so that the movements of the internal organs and 
their vivid colours can readily be seen : like so many other 
carnivorous Insects, their voracity appears to he insatiable. The 
larvae of many of the oidinary Hover-flies are of this kind. 
Eristdlis and its allies are totally dilfei-ent, they live in water 
saturated with filth, or with decaying vegetable matter (the 
writer has found many hundreds of the larvae of Myiatrojpa 
Jlorea in a pool of water standing in a hollow beech-tree). These 
rat-tailed maggots are of great interest, hut as they have been 
described in almost every work on entomology, and as Professor 
MialP has recently given an excellent account of their pecu- 
liarities, we need not now discuss them. Some of the flies of 
the genus Eristedis are very like honey-bees, and appear in old 
times to have been confounded with them ; indeed, Osten Sacken 
thinks this resemblance gave rise to the "'Bugonia myth,'' a 
fable of very ancient origin to the effect that Honey-bees could 
be procured from filth, or even putrefying carcases, by the aid of 
certain proceedings that savoured slightly of witchcraft, and 
may therefore have increased the belief of the operator in the 

^ Natural History of Aquatic l7isects, 1895, p. 198. 
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possibility of a favourable result. Jt was eertaiuly uot lx t. 

were produced from tlie carcases, but Osteii Sacken ^-nh 

JSristalis-fLies may have been bred therein. 

In the genus Volucellci we meet with a third kind of i ic I 

larva. These larvae are pallid,- broad and fleshy, surroiiiK l ^ ^ ^ 

numerous angular, somewhat spiiiose, outgrowths of tho * 

and have behind a jDair of combined stigmata, in tlie neig^’f ^ ^ 
hood of which the outgrowths are somewhat larger; these- 
live ill the nests of Bees and Wasps, in which they are a])ti J ^ ^ ^ 1 1 .. 

Some of the Volucella, like many other Syrphidae, bear <*' 
siderable I'esemblance to Bees or Wasps, and this lias given, r i * t.c > 
a modern feble about them that appears to have no inoro td- 

mate basis of fact than the ancitiiit Bees-born-of-careaseH 
It was formerly assumed that the VoI/uceMa-hiVYa.e lived tdit* 

larvae of the Bees, and that the parent flies were provider 1 1 t/iu.l Ijy* 
endowed with a bee -like apiiearance that they might 
entrance into the Bees’ nests without being detected, ax i d 
carry out their nefarious intention of laying eggs that w<>iilcl 
hatch into larvae and subsequently destroy the larvae of I 

Some hard-hearted critic remarked that it was easy to unde n-nta. 1 1 < 1 
that providence should display so great a solicitude for the Avckl 
of the Volucella, but that it was difficult to comprehend liow it, 
could be, at the same time, so totally indifferent to the welli ti*cs of 
the Bees. More recently th*e tale has been revived and h h 

an instance of the value of deceptive resemblance resulting^'' 
the action of natural selection, without reference to prov if 
There are, however, no facts to support any theory on the I ijc 
Very little indeed is actually known as to the habits of* 
cellco in either the larval. or imaginal instars ; but the tJ iJLt 

is known tends to the view that the presence of the 
in the nests is advantageous to both Fly and Bee. Hieol^tH 
seen Volucella zonaria enter the nest of a Wasp ; it settlcscl 
little distance and walked in without any fuss being made. 
has watched the Vohicella-lsiTvm in the nests, and he thiiil<« tfi in.t 
they eat the waste or dejections of the larvae. The writoir 
under observation Fb/'Zff^eZZa-laivae and portions of the etc* 11 b 
BomJbus, containing some larvae and pupae of the Bees am cl 
honey, but the fly-larvae did not during some weeks toueljt 
the Bees or honey, and ultimately died, presumably of sta 3 C'vmti c >ri. 
Subsequently, he experimented with Fo/'WceZ/a-larvae and a ^>o x:*ti i c > ^ x 
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of the coni]) of wasps coni/a,iMiiig pn])a,o, a-nd agaiji found that the 
H ies did not attack tlu'. llynuuiopfcora ; ])iit on l)rea,king a pupa 
of Wa,sp in two, tlu^, ily-larvai‘. attacked it immediately and 
(‘agerly ; so that the evidenci*. goes to show that the Vokicdla- 
]a.rva,c‘, act a,s sca,vengers in the nests of the Hynienoptera. 
Kiiuckel (kHiu'ciilais has piildislied an elaborate work on tlie 
European Voluc.dki; it is remarkalde for the beauty of the 
plates illustrating the stnictiire, anatomy and development, but 
throws little direct light on tlie natural history of tlie Insects. 
V. ho'iiihylavs, one of the most abundant of our British species, 
appears in two forms, each of wdiich has a considerable resem- 
lilance to a BoiiiJrus, and it has lieen supposed tliat each of the 
two forms is specially connected with the Bee it resemliles, but 
there is no evidence to sux)port this idea ; indeed, there is some 
little evidence to the contrary. The genus Merodon has larvae 
somewhat similar to those of Volucdla, but they live in bulbs 
of Ntmyissvs; M. cf/uestris has been the cause of much loss to the 
growers of Dutch bulbs; this Ely is interesting on account of its 
great vairiation in colour ; it has been described as a whole series 
of distinct species. 

The liiost rcnnarkable of the numerous forms of Syrpliid larvae 
a.rc those of the genus Microdon (Eig. 239), which live in ants' 
nests. They have no r6seml)lance to Insect -larvae, and when 
first discovered were not only supposed to he little Molluscs, hut 
were actually descriljed as such under the generic names of 
I\//rmula and SmteMiyera. There is no apx)earHiice of segmenta- 
tion of the body; the upper surface is covered hy a sort of 
network formed hy curved setae, which lielj) to retain a coating 
of dirt; there is no trace externally of any head, hut on the 
under siirfiice there is a minute fold in which such mouth-organs 
as may l)e present are i)ro])ably concealed; the sides of the body 
project so as to form a co]n]:>lex fringing arrangement ; the ter- 
minal stigmata are very distinct, the lateral processes connected 
with them (the “ Knospen " of Dr. Meijere), are, however, very 
irregular and placed at some distance from the stigmatic scar. 
Ihijiation occurs hy the induration of the external covering and 
the growth from it, or rather through it, of two short horns in 
front. Inside tins skin there is formed a soft pupa, of the kind 
usual in Oyclorrliaplioiis flies ; the dehiscence of the external 
covining is, however, of unusual nature, three little pieces being 


S02 


DIPTERA 


CHAP* 


separated from the anterior part of the upper surfa,ce, wliilo the 
lower face remains intact. The account of the pupa,ti()n given 
by Elditt^ is not complete: the two liorns that project a,n‘., it 
would appear, not portions of the hirval skin, but Ixdong to 
the head of the pupa, and according to Elditt are used to cffc'ct 
the dehiscence of the case for the escape of the ; there does 
not appear to be any head-vesicle. Nothing is known as to 
the details of the life of these anomalous hirvae. M. Poujaxle 
has described two species found in France in, the nests of the 
ant Lasius 7iiger!^ The larva we figure was found l)y Colonel 
Yerbury in nests of an Attci in Portugal, and an almost identical 



Fig. 239. — ^Larva of Microdon sp. Portugal. A, Dorsal view of the, larva, x 4 ; 1, 
the stiginatic structure ; B, posterior view of stigmatic structure ; C, a portion of 
the marginal fringe of the body. 

larva was recently found by Mr. P>udgett in Paraguay. Tlie 
flies themselves are scarce, Microdon nmtahiliH (formerly called 
M. a;piformis) being one of the rarest of British flies. They have 
the antennae longer than is usual in Syrphidae, and tlic cross- 
veins at the outside of the wing are irregularly placed, so that 
the contour is very irregular : the resemblance to Ijees is very 
marked, and in some of the South American forms the liind legs 
are flattened and hairy like those of liees. Tlie oviposition of 
Microdon has been observed by Verhoeif he noticed that the fly 
was frequently driven away by tlie ants — in this case, Formica 
sanguinea — but returned undiscouraged to its task. 

A brief resume of the diverse modes of life of Syrpbid larvae 
nas been given by Perris,^ and he also gives some information as 
to the curious . horns of tlie pupae, hut this latter point much 

^ Eat. Zcit, Stettin, vi. 1845, p. 384, pi. i. 

- Anti. Soc. ent. France (6) iii. 1883, p. 23, pi. i. 

^ Ent. Nadir . xviii. 1892, p. 13. ^ Ann. Soc. cut. France (4) x. 1870, p. 33,0. 
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Jits Wlietlier the Syiphidae, or some of them, 

ssess o. ]>tilinn!u that helps them to emerge from the jmpa is 
)r(‘ than douljtful, thougli its existence luis lieeii afliriueci by 
/eral authors (.>1* good repute.^ 

Series 4. Oyclorrhapha Schizophora 

Fam. 33. Muscidae acalyptratae. — This group of flies has 
icn tlui h'ast studied of all the Diptera ; it is generally treated 
C(jrn]><)*se(l of twenty or thirty different families distinguished 


Fig. 240. — 1> i ops is 
apicalis. Natal. 
A, The fly ; B, ex- 
tremity of cephalic 
j)rotuberance, nioi’e 
magnilie<l. 

The eye ; h, the 
antenna; C, middle 
of head, front 
view ; c, ocelli. 


y veiy slight (diaracters. It is, however, generally admitted by 
^sterna, tints that these assemblages have not the value of the 
iiiiilies of t lie other divisions of Diptenu, and some even go so 
ir as to say that they are altogether only equivalent to a single 
iinily. W e do not therefon^ think it necessary to define each 
lie seriatim ; we sliall merely mention their names, and allude 
0 certain points of interest connected with them. Taken collec- 
ively they may be defined us vmy small JLies, •with, tho^ee-jointed 
mtemuie (frequeMtly lookincf as if only two -jointedi), hearing a 
ristle tfud is not terminally jdaced ; frequently either destitute of 
quaraae or having these imq)erfectly developed so as not to cover the 
'Mteres ; and possessing a comparatively simple system of nervura- 
ioUj the chief nertmres being 7isarly straight, so that consequently 
'e%o cells are formed, Tliese characters will distinguish the group 
^ oti this difficult subject, Bcchcr, TFim. mt, ZciL i. 1882, p. 49. 
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from all the other Diptera except tVina foniis ol Ascliize, a.i.il 
from certain Aiithoiayiidae, with botli of wliicli the Aici,Iyi>l,r;itm^ 
are really iutimately comiocted Cuiishlerahh; dilho’ciico <1 
opiiiioii prevails as to the luiiaher of those di visions,, Init i.lic 
families usually recognised are : — 


1. Doi'yceridae. 

2. Tetanoceridae. 

3. Scioinyzidae. 

4> Diopsidae. 

5. Celypliidae. 
fSepsidae 
\incL PiopMlidae. 
^ / CMoropidae. 

^(=Oscinidae). 

8. IJlidiidae. 

9. Platystomidae, 

10. Ephydridae. 

11. Helomyzidae. 


12. Diyoniyzidac. 

13. Borboridac. 

14. Pliycodroniidae. 

15. Tliyreophoridae- 
„ f Scatopha^idae. 

^ \ ( = Scatomyzidae). 

_ ^ f Geoniyzidae 

‘ \incL Opomyzidae. 
f Drosojdiilidao ; 
\incl- Asteidae. 

19. Psilidae. 

I Taiiyptizidae 
* [(= Micropezidae ). 


21. Tryp(‘ii(la,(i. 

I SapriHii Yzi(la,c. 

\ iiutl. Loiicliacddiu*. 
2i>. .IUiQ]ial<tui(',n(l;u‘, 

24. Ortaliiliic. 

25. iiud. Phylomyzi- 
[ iiiw. 

2(J. M.ilifdiiida(‘. 

27. Octbi jiliilidar. 

28. IUd(jroii(airi(la(‘. 

20. Cordyliiridfic- 


Braiiex associates Coiiopidae with Acalyptrate l\Iusei<ls, and 
calls the Group Holometopa ; apj)lying the term Si'hi/.oiind/opu 
to the Calyptrate Muscidae. 

JTo generalisation can yet he made as to tlie lan'nc of* tfiPHCi 
divisions, neither can any characters be point<‘d oiiti by which 
they can. he distinguished from the larvae of th(‘ lollfAving 
families. In their habits they have nothing specially (listin('tivo, 
and may be said to resemble the Ant homy iidae, v<‘gid,u,bl(^ 
mattex being more used as food than animal ; iiuiny of tlami 
mine in the leaves or stems of plants ; in the gioiu.s thrj 

larva is aquatic, mining in the leaves of iiiid in 

Ephydridae several kinds of aquatic larvae*, art* found, hoiuc of 
which are said to resemble the rat- tailed larvae <»f 8yrphi(lat* ; 
certain of these larvae occur in prodigious (pnaiititicis in lak(*H, 
and the Insects in some of their early stages si*.rvc ihtt M<‘xicauH 
as food, the eggs being called Aliuatle, the lurvjK*. Ihistd, the; 
pupae Koo-chali-bee. Some of the larvae of the KcioniyyJilac^ nn\ 
also aquatic: that of Tetmocera ferriujmea in t>aid hy Dufour to 
consist only of eight segments, and to be nietupueuKtie ; J >raiier 
considers the Acalyptrate larvae to he, however, in gumeral, 
amphipneustic, like those of Calypjtratae. Tlie Chlorojiidae are 
a very important family owing to their occasional c*xci‘Hsive 
multiplication, and to their living on cereals and other grasHCH, 
various parts of which they attack, somtitiines causing great Iohh»h 
to the agriculturist. Tlie species of the gemiH (Jhhm*i*H arc* 
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famous for tlin curious liafit of luiuiaii lia])itati<)iis iu 

swarms ; i: i'B(|iu‘.ubly iimiiy iiiillious ])uing- found in a siuglti 
iipartineiit. Instances (if this lialal/ l\a,ve I.k'ou n^conlcul lyoth iu 
I’*'' ranee n,iul Eiiglmnl, (jainhridgc Ixnng perha.ps tlic plac(i tliu 

|>lieuoiiiciioii is uiost peisistently exliiUitcxl In tlu^ yea,r IB 31 a , 11 
e'.iionuoiis s>va,rni of was foiuul ii i the l^ro vest/ s Lodge 

<tt3 King’s College and was Tecorded by J^eonaid Jciiyns; in 
18 70 another swarm occurred in the same house if not in the 
^sctirie roonid Of late years such swarms have occurred in eeitain 
^ipartmeiits in the Miisennis (which are not far from King’s 
<Jollege), and always in the same apartments. No clue whatever 
c^ctu 1)6 obtained as to their origin; and 
tliese hies are guided to a small area in. 
xininbers that must be seen to be be- 
lieved, is most mysterious. These swarms 
5-xlways occur in the aiitunni, and it has 
loeeii sii«:gested that the individuals are 
fseelviiig winter cpiiarters. 

Several members of the Acalyptratae 
Ir^xve siriall wings or are wingless, as in 
^=Hoiae of our sjrecies of Burlorvs. The 
..I.>iopsidae — none of which arc Kurop)eaii 

have the sides of tlie head j)rodiiced 

i ll to long horns, at the extremity of which 
^ hTe placed the eye.s and antennae ; these 
c.-Axriosities (Fig. 240) are apparently 00 m- 
I non in both Hindostaii and Afriwn In 
t:l.xe horned flies of the germs 
]^;>a.rts of the head are prolonged into 
1 lorns of very diverse forms according to 
tAie species, hut hearing 011 the whole a 
l^reat resexablance to miniature stag- 
1 lorns. A germs (^Giraffomyiit) with a long 
t,xeck, and with partially segmented appen- 
dages^ instead of horns on the head, has 
lj>een recently discovered by Dr. Arthur 
“W^illey in New Britain. Equally remarkable are pie species of 
CJelyylms ; they do not look like flies at all, owing to tlie scntelluin 
l>eing inflated and enlarged so as to cover all tlie posterior parts 
^ Lo'udon's Mit(jafi%e. v. 1832, p. 302 ; T, nut. Auc. LoyaUnii 1871, ]). x. * 


the maimer in which 
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celyplmif) Hp. W ciwt A Ir ica. 
A, The fly seen from 
above ; a, .scutdhuii ; hy 
base of wing: B, profile, 
with tip of ai)donien bout 
ilownwardn; a, scutolluiii ; 
hy hy wing ; j)art af 
abdoiueii. 
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of the bod}r as in the Sciitellericl Heiniptom : tho wiiig*.s ari'. 
entirely concealed, and the ahdoniini is reduced to a plate, with 
its orifice beneath, not terminal; the surface of tin*, l^ody is 
highly polished and destitute of bristles. Whetlier tliis is a, 
mimetic form, occiiiTing in association with siinila.r-loolving 
Bugs is not known. The hTortli Aincricaii genus 
is furiiislied with a long ovipositor ; and in tliis and in the shape 
of the body resenihles the parasitic Hymen opitvra. This genus 

was placed by Grerstaecker in Ortalidae, but is considm’ed hy 
later writers to be a niem])er of tiie rryp(‘ti(lae. Hi is l<itt(M' 
family is of considerable extent, a.nd is reniarkalile. amongst the, 
Diptera for the way in which the wings of ma,iiy of its imnnhfu-s 
are ornamented by an elaborate system of spots or marks, vri.r}'- 
ing according to the species. 

Fam. 34. Anthomyiidae. — Flus sim ilar in r/jjpa/ranrr. fo 
the Monse-Jly ; the iiiain vein posterior to tiee m/iddfe oj f/ir. m.njj 
(4:tli longituiiincd') anitimied straight to the. vtan/in, /ud. tit nied 
upiocmls. Eyes of the male freque//it.lg large (end einillgno us, 
bristle of antenna either jeatJury or hare. This vtu'y large family 
of flies is one of the most difficult and unattractive of tln^ <)rdei\ 
Many of its members come close to the Acalyptrat-i* Muscidae 
from which they are distinguished by the liu't tliat a svidl- 
developed sc[uama covers the halt(‘.res ; others coiik*. (piitc, as 
close to the Tacliinidae, Muscidae and Sa,reo|)hagd<lae, Init may 
readily be separated by the simple, not angiihito, main vein 
of the wing. The larval habits arc \riri(*(i Many at, tack 
vegetables, produce disintegration in them, thus facilitating d«‘- 
coinposition. Anthomym hrassimi^ is rcn(,.)\vii(.*(l amongst nuirket 
gardeners on acconnt of its destriictivct habits. A. etnta^ oit ihi? 
contrary, is beneficial hy destroying tint migratory .LiKuist 
Schistocerca gmrf/rina; and in hlorth Amm*i(',a, A. nngmfd/rtitis 
perforins a similar office with Calo/deuirs s/irrtus. Um* or two 
species have been fonnd living in birds; in one (nih<* on the head of 
a species of Epermopkita^in another casiMjii a tuniour of the wing 
of a Woodpecker, llyhniym striyome, a (lung-fiv.fpKmting Hpo{d<*H, 
lias the peculiar habit of producing living larvae, om* at a time: 
these larvae are so large that it wonltl Ih; su[)pos(*d t hey are. full 
grown, but this is not the case, tlnw are rinilly only in Uir. first 
stage, an nnusual aiiumnt of growth Indiig aci'oinplished in tbi.s 
stadium, hpiliujdstar (.engidieaep^w t-ln* other huinl, accoi'diiig to 


VII 


ANTI lOMVTTDiVE — TACHI K 11 )A1^ 


507 


Portscliiiisky, lays a small number of rexy liirg-e I'J ri'siiK;- 

iag larvae jjass from the first to tlie third stage of (Uwc^lopiui'iit, 
omitting the second stage that is usual in Eiimyiid Muscblfie.J 
T'am. 35. Tachinidae. — First posterior cdl of r toKj ow.drUj or 
qidt& closed, Sqoimnae larpe, coveri%fj tJoc IiaMercs: (tiUov.ii.ol (on.sUt 
hare: v^ppicr surfotce of hodij %mmlhj hrlstlp. This is mi. coioriuous 
family of flies, the larvae of wliicli live parasitically in olhm' living 
Insects, Lepidoyteroiis larvae being espoidally }iauiit(‘(l. Many 
have been reared from the Insects in which tiny Init Ixyoiid. 
this little isknovTi of the life-histories, and still ](,iss of tin*, striictnire 
of the larvae of the Tachinidae, although thc^se Insects amM)f the 
very first importance in the economy of Natui*e. Tlie ('ggs an*, 
usually deposited by tlie parent-flies near or on the hcml of the 



Fig- 242. — Zlr/imyicc serimnae. A, The perfect Xly, x ; B, tnutlical clianilic.r of asilh- 
worm, "svi til body of a hirm of projcc'.tiiigy r/,, front part of tlicj itiaggol ; 

b, stigiriatic orifiec of the maggot ; r, Ktigniu of the. wlkwonii. (Afior Sa.saki.} 

victim; Ililey supposed that tln^ fly about Uio. victim <md 

deposits an egg with rapidity, but a cinauiistantiad, ac'coimt givim 
by Weeks‘S discloses a veiy different iu-o<i(^HS: the lly lus watclnnl 
sab on a leaf fpuietly facing a caterpillar of JJokmM (mgaged in 
feeding at a distance of rather less than a <{uu,it(ir of an iucli. 
'^Seizing a niorneiit A^heu tin*- head of tlie larva was likely 
bo remain stationary, the ily stealthily and rapidly hent lier 
abdomen downw'ard and ex,ttmd<*d from the last sc^ginenb what 
proved to be an ovipositor. This ])asse<l forward hmieath lu'.r 
body and between the legs until it jirojcicbed beyond and nearly 
on. a level with the head of thic lly and cairus in contact witli tlie 
eye of the larva upon which an egg was deposited/' inakiug an 
addition to five already there. UgirnyUi stvnmriae does great 

^ Baron voiiOwteii i^ackcii iuforuis the wo’itcr that this Htatemciit liaH Hiiu-.c hioui 
withdrawn by PoftKtk insky as being <;rniiieoiiH. 

Ent. Anict. ill. 1887, p. 120*. 
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hfirni in Japan by attackiii^,^ the silkwonri, a,iul in tliecaseor this 
iiy the eggs a, re belit^.ved to he. introduced into tlie \'ietiin by 
being laid on niulberry ](‘.fives and swallowed with tlui food; 
several observers a.grec3 a,s to tlie eggs being la, id on tlie lea.vos, lint 
^ tlic fact tliat they are swallowed hy the silkworiii is not so certa,iii. 

Sasaki lias given an extremedy interesting account of the develo])- 
j merit of this larvad According to liiiii, the young larva, after 

I ; hatching in the alimentary canal, bores through it, and (inters a, 

( ' nerve-ga,nglion, feeding tliere for about a week, a, iter wliicli the 

I I necessity for air becoming greater, as usual with la,rvae, the 

I ’ ' maggot leaves the nervous system and enters the tracheal systeiig 

I : horing into a tube near a stigmatic orifice of tlie silkworm, wliere 

I , it forms a cliamher lor itself by biting portions of the tissues and 

! I fastening them together with saliva. In this it completes its 
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llymenopterM, by a curious sort of indirect pjirasitisni. They <i,re 
obscure little flies, somewhat resembling tlie coiiuiion House-fly, 
but they are adepts on the wing and have the art of ovipositing 
with extreme rapidity ; they follow a Hymenopteroii as it is carry- 
ing the prey to the nest for its young. When the wasp aliglits 
on the ground at tlie entrance to the nest, the MilUn/raynma 
swoops down and rapidly deposits one or more eggs on tlie prey 
the wasp designs as food for its own young. Afterwards tlie larvae 
of the fly eat up the food, and in consequence of the greater 
rapidity of tlieir growth, the young of the Hynienopteroii perishes. 
Some of them are said to deposit living larvae, not eggs. Fahre 
lia,s drawn a very interesting picture of the inlations that exist 
between a species of Miltogramma and a Fossorial Wasp of the 
genus Jkmhcx} We may remind the reader that this Hymenop- 
teron has not the art of stinging its victims so as to keep them 
alive, and tliat it accordingly feeds its young by returning to 
the nest at proper intervals with a fresh supply of food, instead 
of provisioning the nest once and for all and then closing it. 
This Flyrnenopteron has a habit of catching the largest and 
most active flies — especially Tahanidae — for the benefit of its 
young, and it would therefore be supposed that it would be safe 
from the parasitism of a small and feeble fly. On the contrary, 
the MiltogrcmMLco adapts its tactics to the special case, and is in 
fact aided in doing so by the wasp itself. As if knowing that the 
wasp will return to the carefully-closed nest, the Miltogramma 
waits near it, and quietly selects tlie favourable moment, when 
the wasp is turning round to enter the nest backwards, and 
deposits eggs on the prey. It appears from Fabre's account that 
the Ikmhex is well aware of the presence of the fly, and would 
se(?iu to enttu'tain a great dread of it, as if conscious that it is a 
formidable enemy ; nevertheless tlie wasp never attacks the 
little fly, hut allows it sooner or later to accomplish its purpose, 
and will, it appears, (3ven continue to feed the fly-larvae, though 
they are the certain destroyers of its own young, thus repeat- 
ing the relations between cuckoo and sparrow. Most of us 
think the wasp stupid, and find its relations to the fly incredible 
or contemptible. Fabre takes a contrary view, and looks on it 
as a superior Uncle Toby. We sympathise with the charming 
French naturalist, without forming an opinion. 

^ f^ouwnirs mtumolo(jiqncs^ 1879, x>P* 246-254. 
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Doubtless there lire iiuiiiy other iritert‘.stiiig'ieiitui*(‘s t,(> ])e found 
ill the life-liistolies of Tachinidae, for in iinirihers they arc; l(;gioiL 
It is probable that we may liave 200 sjieeies in Britain, and in 
other parts of the world they are even more ahiinclant, about 
1000 species being known in North America^ The fa-iuily 
Actiiclae is at present somewhat doubtful. Aceording to Xai'scdiy 
it is a siib-iaiiiily of Tacliinidae; but the fourth longitudiiia,! 
vein, it appears, is straight. 

Fam. 36. Dexiidae. — The^c rmccis (ire Jrum 

Tackinidm hij the bristle of the a.ntminu.p, henuj pif,heii(‘C'n.t, a/ul 
tJip legs ustudly longer. Tlie larvae, so far* a,s known, ai’e found 
in various Insects, especially in Coleoptera, and have also janni 
found in snails. There are eleven British genera, and alioiit a 
score of species. 

Fam. 37. Sarcophagidae. — DistinguuhrAl Jnnn. Musddac 
and Tccchiniclae by little more tJutn ilud the tmstle af the 
a 7 itennae is feathery at the base hut hair dike a.nd vtyry Jlne at 
the tip. — Sarcogohaga carua/ria, is one of tlie commonest liritish 
Insects; it is like the Blow -fly, though ruthm- longcu’, (um- 
spicuously grey and black, with tlie thorax distinctl}' stri|U‘d, 
and the pul villi very conspicuous in tin; live fly. (hjatnnifla 
mortuofim> blue fly rather larger tha-ii the Blow-fly, 

of which it is a competitor: Imt in this country an unsueecssrul 
one. The larvae of the two In.sects are icnind tog(;tln;r, and, aiv. 
said to be C[uite indistinguishal ile. Oyuomyia is sa id to lay mil}^ 
about half the number of eggs that tlu^. l>lu\v-fly does, luit it. 
appears earlier in the year, and to tliis is attril)vit(nl the fa.et 
that it is not altogether* crowded out of i existence by tin; mon^ 
prolife Calliipliora. The species of Sarc^ophagidae nu; nsmillv^ 
viviparous, and one of them, HarcAphUa wugmjiva (^(mhlfakail), 
has the habit of occasionally depositing it.s progeny in tin; 
nostrils of mammals, and even ofliiinnin biringn, (aiusing horrible 
sufferings and occasionally death : it is said to be not uinjoiumuii 
in Europe, hut does not occur in Britain. Tin*, genus htimapkayii 
is numerous in species, and many of tlumi are lainefieial Kir 
Sidney Saunders found in tlie Troad that Locusts wtirt; di^troycd 
by the larvae of a Hwrcophaga living in tlndir bodies ; and 

^ A list of tlie Iii.sRct.skiiown to l)e attaek(!fl by biptoroUH haa })vni 

given by Braiier and Bergcjnstairim, Dmk. Ak\ irien, \xl 1805. 

- Berlin, etit. Zeit. xx.v'. 1886, p. 135. 
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.Kliiickel ha,s rcccJitly olisi^rviul that in ^Vlgeria, nta-eral spewes 
of this gen ns attack Locusfe and destroy la.rge quantities by 
depositing living larvae in the Ortlioptera. In Hortli America 
the Army- worm is decimated by species of Sarco])]hagcL 

Many of these Insects, when food is scarce, eat tlieir own 
species witli eagerness, and it seems probable that this habit is 
beneficial to' the species, riie parent-fly in such cases usnally 
deposits more eggs than tliere is food for, thus ensuring that 
every portion of the food will be rapidly consumed, after wliicli 
the partially-grown larvae complete tlieir development by the 
aid of cannibalism. It is tluis ensured that the food will raise 
up as many individuals as possible. 

Fam. 38. Muscidae. — Bristle ojf antennae feathe7-ed. This 
family contains many of tlie most aliundant flies, including the 
House-fly, Hue-bottles or hlow-flies. Green -hot ties, and other 
forms which, though very common, are perhaps not dis- 
criminated from one another by those who are not entomologists. 
The larvae live on carrion and decaying or excrementitious 
matters. The common House-fly, Mwsca. doomestica, runs through 
its life-history in a very short time. It lays about 150 very small 
eggs on dung or any hind of soft damp filth ; the larvae hatch 
in a day or tw^’o and feed on the refuse ; they may be Ml-grown 
in five or six clays, and, then pupating, may in another week emerge 
as perfect flies. Hence it is no wonder that they increase to 
enormous numbers in favonrahle climates. They are thought to 
pass the winter chiefly in the pupal state. The House-fly is 
now very widely distributed over the world ; it sometimes occurs 
iu large numbers away from the dwellings of man. Of Blow- 
flies there are two common species in this country, Cc(lli27liOT(i 
eTytliroGejphala and C, mmitorUi. The Grreen-bottle flies, of which 
there are several species, belonging to the genus Lnxilia, hnYe the 
same habits as Blow-flies, though they do not commonly enter 
houses. The larvae are said to be indistinguishable from tliose of 
Calli^liofa, 

The larvae of Eumyiid Muscidae are, when first hatched, 
metapneustic, but subsequently an anterior pair of stigmata 
appears, so that the larva becomes amphipneustic. They 
usually go through three stages, distinguished by the condition 
of the posterior stigmata. In the early instax these have a 
single heart-shaped fissure, in the second stage two fissures exist,. 
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while ill the tliird instar tlieiii is a gn.'atta- diversity in the 
condition of the lireatliing apertures. 

The various forms of Muscidae show consiclerahh'. distinctions 
in the details of their natural history, and these in c(*rtain species 
vary according to the locality. This subject lia,s been chiefiy 
studied by Portscliinsky, a Eussian naturalist, and a very interest- 
ing summary of his results ha,s been given ])y Osten Sackeii,^ 
to which the student interested in tdu‘- sul)ject will do well 
to refer. 

A few years ago a great deal of damage was caused in tlie 
Netherlands by Lucilm m'uat((, a Green-bottle*- tly, extremely 
similar to our common L. mesar, which deposited its eggs in 
great quantities on sheep amongst their wool. This tyiidemic 
was attributed to the iniportation of sheep from England ; Imt, 
according to Karsch, there is reason to suppose that tlie tly was 
really introduced from Southern Europe or Asia Minor.- 

The larvae of species of the genus lAcc/dia sometimes attack 
man and animals in Soutli America, but fortunately not in this 
country. The larva of LuciLia (C(}7rips()myia) maceMaria, is called 
the screw-worm, and is the best known of tlie forms tlmt infest 
man, the larvae living in the nasal fossae and frontal sinuses, 
and causing great suffering. The fly is common in North 
America, but is said never to attack man iartlun* nortli than 
in Kansas. A little fly {fiUnn.oxys iuddtranH), \'(*ry like the 
common house-fly though rather more distinctly spott(*d with 
grey and black, and with a fine, hal’d, exsertcid proboscis, 
frequently enters our houses and inflicts a bite or prick on us. 
It is commonly mistaken for an ill-naturt*d house ‘-fly that lias 
taken to biting. It is freepiently a source of irritation to cattle. 
A closely allied i\Y,JIae/tnut()ln(t very injurious to cattle 

in North America, but the sannt speeders causes no sm-ious annoy- 
ance in England. We may mention that the various attacks of 
Dipterous larvae on man have received the gciiieral name 
'' myiasis.'’ 

The Tse-tse fly (Glossina morsitemd), anotlier ally of Htomoxys, 
is not very dissimilar in size and shape to tlui lilow-fly/ 

^ Berlin, ent. Zeitschr. xxxi. 1887, p. 17. 

^ BioL Centralbl. vii. 1887, p. 521. 

5 For an account of the habits of this fly, see Kirk, J. Linn. ^Soc. viil. 1865, pp. 
149-156 ; and for a Hbliograpliic list, Wulp, Tijdsckr. Mnt. xxvii. 1H84, ]>. xd. and 
pp. 143-140. 
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Tse-tse tly {(rlassina ^norsi- 
A, a'he lly >viih three divisions 


of the prohoHcis projecting ; 
larva ; C, pnj)a. 


uiiniiils ill South AlVica., itnd if \l have 
prcAUonsIy hi tt(ui aai animal 
wliosii ]>loo(l. \va,s e.lia.r^’od with 
tlui iramnalozoa. tlia.i/ really eon 
stitut(‘- tin*. (lise;is(M*ail<Mi i\bri»'a nn. 
(tly-disiaisitj, it in<»(mla.i.es Ihe 
healthy aiiiniul witli I.Ik* dis 
(^ase ; fortnna.tely only some 
speci(‘.s a.r(asnse.(‘j)l,i hie, and man 
is not ainon;^^st them. ft has 
rec(‘.ntly' l>(‘.<‘.n shown })y Sur^^’eoii 
J>i;n(*.(t ^ thali this fly multiplies 
liy produeiiio, omi at a. time, a. 
full-grown htrva., whieh innm*- 
elian.uH‘.s to a pnpa., as 


B, a<lult rrumdaU'H of tlui seri(‘H 

ru{)i])ara,. Therci a.r(‘. aha^ady 
known other Muscicl flies with ]>eculiariti(\s in l-heir jnodes of 
reproduction, so that it is fai' from iinpoHsihli*. that tlu^ vuirions eon- 
ditions between ordinary egg-laydng and full-grown htrva.- ot* pufat- 
production may 1)e found to exist. AltlKuigli it ha-s laam su])]H)sed 
that the Tse-tse fly is a formidable obstacde to th<i oexmpatlon of 
Africa by civilised men, tlien? is reason to sup])os(‘, that this will 
not ultimately prove to be the cast*,. 1 1 otily ]>rod u<*eH <liHe.a,H(* when 
this pre-exists in animals in the mughbourliood ; only e(‘iiain 
species are lialde to it ; and tlnu’c is some (‘.videiu't*. to tin*, tlleet 
that even these may in the course of a Huct'c-ssion of gcmeiv'd/ions 
become capable of resisting the disease iiioculattid by tlu^ lly. As 
long ago as 18^8 Dr. Drysdale suggested" that tin's lly only pro- 
duces disease by inoculating a blood-parasite, and all the. 
that has since been rectuved tends tt) show that his idea, is eorrtu'b 
Although the facts we have mentioned a-hove would lead 
the supposition that Muscidae are xinnntiga,te(l nu isancaiH, }a‘t it 
is probable that such an idea is the rtwersc*, of tlui truth, and 
that on the whole their operations arc bem‘fi(*ia1. It would 1 k‘ 
difficult to overestimate their value as seavengcuu And in 

addition to this tliey destroy injurious cnnifuircns. Thus in 

Algeria IcUa /(rscmda, a lly like the Houses - My, d{*.HtroyB tlie 


^ PTeMnvhuvnj lUport on the Tse4se Fly IBOfi. 

P. XAverpool Soc, xxxiii. 1878, p. L*t note. 
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dreaded migratory Locust Soliistocerca feregrinio in great qiiaiitititis, 
by the larvae eating the eggs of the Locust. The female of this 
fly, in order to reach the desired food, penetrates from one to 
three inches below the surface of the ground. 

Pam. 39. Oestridae (^Bot-flies'). — Bather large or rery large 
flies, laith extreinehj short antennae, leaH-ng a. segmented emsta, Ike 
front of the head prominent, the posterior part of the wings fre- 
gnently rough, and mth but few veins: the month usually airoplded, 
the trophi being represented only by tubercles ; larvae liring in Verir^ 
brates, usually Manimcds, though it is possiUe ihfit a few oeeur in 
Birds and eren in Beptiles. This is a fmnily of small extent, hiss 
than 100 species being known from all the world, yet it is of 
much interest on account of the habits of its meniluirs, which, 
though of large size, live entirely at the expense of living Yerte- 
brates, to the viscera or other structures of which they have definite, 
relations, varying according to the species. Some (Gastrophilus^oXo.) 
live ill the alimentary canal: others {Eypoilerrnu, etc.) are cncj’stiMl 
in or under the skin; while others (Oestrus, etc.) occupy tlic lespir- 
atory passages. As many of them attack the animals used liy man, 
and some of them do not spare man himself, they luivc attnudnd 
much attention, and there is an extensive literature couiietfled 
with them; nevertheless the life-histories are still very incom- 
pletely known. Indeed, the group is from all points of vi(nv a 
most difficult one, it being almost impossible to (Udine tin*, family 
owing to the great differences that exist in important ]K)irits. 
.Some think the family will ultimately b(^ disnnjinlKmHl ; and 
Grirschner has recently proposed to treat it as a division of 
Tachinidae. The chief authority is Bramer, in whosci writings 
the student will ’find nearly all that is known ahoiit ()(‘stritlac.^ 
Some of them exist in considerable minibers (it is Ixdicved that 
they are now nob so common as formerly), and yet tln^ flies a.re 
but rarely met with, their habits being in many n^spects jn'e.ulijir. 
Some of them, for purposes of repose, Ireqii (mb tlu*. svuniuitH of 
mountains, or towers, or lofty trees, ^ome have, grc^a.t powers of 
hiiinming; none of them are known to ])ite tlndr victims, iiulecxl 
the atrophied mouth of most of the Oestridae fu rinds such ji ])ro- 
ceeding. Some deposit their eggs on the hairs of the. U(‘aHtH fniin 

^ We may specially men tion the monograph of Oc.stn(iae, [uibliHluHl hilSiKI by 
the k. Zool. > JBot. Gtes. Wim, and supiple merits in IF'ien. cnt. JZeii, v. vi. 1^86, 
1887 ; these include copious bibliographic lists. 
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which the larvae arei to draw their iiutriineiit> but otliers phice 
their larvae, already hatched, in the entrances of the iia-sal 
passages. They do not feed on the blood or tissues of thcvir 
victims, but on the secretions, and these are generally altered or 
increased by the irritation induced by the presence of the un- 
welcome guests. It would appear, on the whole, tliat tlieir prcisence 
is less injurious than would be expected, and as they always ([uit 
the bodies of their hosts for the purposes of pupation, a natural 
end is p)ut to tlieir attacks. We have ten species in Britain, the 
a,nimals attacked being tlie ox, the horse, the ass, the sheep, a,nd 
the red deer ; otliers occasionally occur in connexion with aniinals 



in menageries. Tlie eggs of Gastropkilm equi are jdacied by the 
fly, when on the wing, on the hair of liorses near tlio front parts 
of the liody, frequently near the knee, and, after hatching, the 
young larvae pass into tlie stoinacli of the horse either by being 
licked off, or by tlieir own locomotion : in the stomach they be- 
come hooked to the walls, and after being full grown pass out 
with the excreta: the Bots — as tliese hi-rvacj are .nailed— aui some- 
times very numerous in the stomach, for a fly will lay as many 
as four or five hundred eggs on a single horse : in the case of 
weakly animals, perforation of the stomach has been known to 
oc(iur in consequence of the habit of the Bot of burying itself to 
a greater or less extent in the walls of the stomach. Mypoderrm 
hovis and H. lineata attack the ox, and the larvae cause tumours 
in the skin along the middle part of the back. It was formerly 
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inferred from this that the fly places its eggs in this sitiia,ti<3ii, 
and as the cattle are known to dread and flee from tlie 11} „ it 
was supposed to he on account of the pain inflicted when the egg 
was thrust through the skin. Eecent obseryations li^ive sho\vn 
that these views are erroneous, but much still remains to be a-scer- 
tained. The details of oviposition are not yet tully known, 
blit it appears that the eggs are laid on the lower ])arts ol tin*. 
body, especially near the heels, and that they hatch very speedily. 
As the imago of Sypoderoiia appears for only a very short pt'.riod in 
the summer, the time of the oviposition is certain. J lie newl}'- 
disclosed larva is considerably different from the more atlvarioed 
instar found in the skin of the back; moreover, a long period oi 
many months intervenes between the hatching* of the larva, a. in I 
its appearance in the part mentioned. jBrauer lias shown that 
when the gnib is first found in that situation it is entirely su]>- 
cntaneous. Hence it would be inferred that the newly-hatcdnul 
larva penetrated the skin probably near the spot it was dcipositcMl 
on, and passed a period in suhcutaiieous wandering, on the. whole 
going upwards till it arrived at the uppermost part : that aft(*r 
moulting, and in consequence of greater need for air, it then 
pierced the skin, and brought its breathing organs into eoiitnct 
with the external air; that the irritation caused by the admission 
of air induced a purulent secretion, and caused the larva to la* 
enclosed in a capsule. Dr. Cooper Curtice has however found, 
in the oesophagus of cattle, larvae that he considers to be (juit.c, 
the same as those known to be the young ot lIyf(Hlivrrna ; and 
if this prove to be correct, his inference tliat the young larvae 
are licked up by the cattle and taken into the moutli becoines 
probable. The larva, according to this view, subsequently piercats 
the oesophagus and becomes subcutaneous bypassing tlirongli the, 
intervening tissues. The later history of the grub is briefly, that 
when full grown it somewhat enlarges the external orifice of its 
cyst, and by contractions and expansions of the body, passes to 
the surfiice, falls to the ground, buries itself and hecomcB a pupa. 
If Dr. Curtice be correct, there should, of course, be as nuuiy, 
if not more, larvae found in the oesophagus as in the hacik 
of the animal ; but, so far as is known, this is not the case, and 
we shall not be surprised if the normal course of development 1)c 
found different from what Dr. Curtice supposes it to be. His 

^ Eiley, Insect Life, iv. 1892, p. 302. 
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observations relate to jE[y2J0cle'nrm Uneata. Our common British 
species is usually supposed to be S. hovis ; but from recent ob- 
servatious it seems probable that most of the Ox-warbles'' of this 
comitiy are really due to the larvae of IL linmta. 

The history of Oestnis ovis, -which attacks the slieep, is also 
incompletely known, but appears to be mucli simpler. This ily 
is viviparous, and deposits its young larvae at the entrance of the 
nasal passages of the sheep, tliereby caiivsing extreme annoyance 
to the animal. The larvae penetrate to tlie frontal sinuses to 
complete their growth. The duration of their lives is unknown, 
for it is commonly the case that larvae of various sizes are found 
together. Cpyjhenoim/ia rttfiharlis has recently l)een found in 
Scotland. It attacks the Red deer, and its life-history is similar 
to that of Oestrws ovis, though the larvae apparently prefer to 
attain their full growth in the pharynx of the deer. 

In reference to the Oestridae that attack man, we may merely 
mention that tlie larva of the Hypoderma of the ox is occasionally 
found in Europe infesting human beings, but only as an extremely 
rare and exceptional event ; and that only those engaged in 
attending on cattle are attacked; from whicli it is inferred that 
the Hies are decicived hy an odour emanating from the garments. 
In America luimerous cases are known of Oestrid larvae being 
taken from the body of man, but inlbnnation about them is very 
scjiuty. It appears, however, that there are at least four species, 
one of which, De/nriaMna noxialu, is known as a fly as well as a 
larva. Wlu^ther any of these are peculiar to man is uncertain.^ 
There are several larvae of Muscidae that have similar habits to the 
Ot^stridae ; lienee the statements that exist as to larvae being found 
in liirds and reptiles cannot be considered to apply to members of 
the latter family until the larvae liave been studied by an expert. 

The family Otenostylidae has been estalhished by Bigot for a 
South American Insect, of which, only a single individual exists 
in collections. It is doubtful whether it can be referred to 
Oestridae.“ 

Series V. Pupipara 

Tiie four families included in this Series are, with the 
exception of the Hippoboscidae, very little known. Most of 

’ Soe Blanchard, Jnn, jSoc. ent. France (7) ii. 1892, pp. 109, 154. 

2 See Bigot, Ann. Hoc. ent. France (6) ii. 1882, p. 21, Brauer, Monograjih, 1863, 
p. 51, and Wie/i. ent. Zeit. vi. 1887, p. 75. 
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tliem live by sucking blood from Mammals and Birds, and soine- 
tiiiies they are wingless parasites. The single member of the 
family Braulidae lives on bees. The term Pupipara is erroneous, 
and it would be better to revert to Pi,eaiiinur’s prior appellation 
hlyinphipara. Mtiggenburg has suggested that the division is 
not a natural one, the points of resemblance that exist between 
its. members being probably the results of convergence. Eecent 
discoveries as to the modes of bringing forth of Miiscidae give 
additional force to this suggestion. ,A satisfactory definition of 
the group in its present extent seems impossible. 

Fam. 40. Hippoboscidae. — Wings very variable, sometimes 
f resent and large, then with tvaved snrfaee and thick nervures 
confined to the anterior and basal part ; sometimes mere strips, 
sometimes entirely absent Certain members of this family are well 
known, the Forest-fiy, or Horse-fly, and the Sheep-tick belonging to 
it. The proboscis is of peculiar formation, and not like that of other 
flies. Seen externally it consists of two elongate, closely ada,pted, 
hard flaps ; these are capable of diverging laterally to allow an inner 
tube to be exserted from the heado The details and xnorplajlogy 
of the structure have recently been discussed by Muggenl)iirg. 
Melophagus ovinus, commonly called the Sheep-tick, is fonned for 
creeping about on the skin of the sheep beneath the wool, a.ud 
may consequently be procured with ease at the period of sheep- 
shearing : it has no resemblance to a fly, and it is diflicult to 
persuade the uidnitiated that it is such. Mippohosca egtdna (called 
in this country the Forest-fiy, perhaps because it is better known 
in the New Forest than elsewhere), looks like a fly, but will be 
readily recognised by the two little cavities on the head, one 
close to each eye, in which the antennae are concealed, only the 
fine bristle projecting. Very little seems to be known as to 
the Natural History of this fly. Zipoptena cervi lives on tlie 
Bed deer; the perfect Insect has apparently a long life, and both 
sexes may be found in a wingless state on the deer all through 
the winter. When first .disclosed in the summer they are how- 
ever provided with wings, hut when fcliey liave found a suitable 
host they bite off, or cast, the wings. The female, it appears, does 
this more promptly than the male, so that it is difficult to get 
winged individuals of the former sex.^ Most of the known 

^ Arch. Ndturgesch. Iviii. i.l892, pp. 287-322, pis. xv. xvi. 

^ Stein, Deutsche cut. Zeit. xxi. 1877, p. 297. 
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Hippoboscidae live on birds, and are apparently specially fond of 
the Swallow tribe. They are all winged, though in some species 
the wings are very small. The bird- 
infesting Hippoboscidae have been very 
little studied, and will probably form a 
distinct family ; the antennae of Sten- 
(ypteryx liirundiwis are quite different 
from those of Ilippohosc.a. The devel- 
opment is remarkable, and has been 
studied by Leuckaat ^ and ]jy Pratt ^ in 
the case of Melo'plui-gus ovinus. The 
ovaries are peculiarly formed, and pro- 


duce 


one 


large 


egg at a time; this 


passes into tlie dilated oviduct, and there 
goes through its full growth and a cer- 
tain amount of development ; it is then 
extruded, and undergoing little or no 
change of form becomes externally 
hardened by the excretion of chi tin, 
passing thus into the condition of the 
Eiimyiid pupa. Du four thought that 
there is no larval stage in this Insect, 
Imt it is quite clear from later researches 
that he was wrong, and that a larval 
stage of a peculiar kind, but in some re- 
spects resembling that of tlie Eumyiid 
Muscidae, occurs. The larva has no 
true liead, Init tlie anterior jjart of the 
Ijody is invaginated, and tlie most 
anterior part again protrudes in the 



Fig. 246. — Diagrammatic section 
of tlie larva of Melophagus 
(nmius, (After Pratt.) a, 
mouth ; suctorial pouch ; 
c, imagiiial disc for adult 
head ; d, meso- and rneta- 
notal discs, e, anterior trach- 
eal anastomosis ; /, first 

muscular belt ; < 7 , transverse 
tracheal branch ; /i, tlie dorsal 
tracheal tube ; sex-organ ; 
k, Malpighian tube ; Z, ter- 
minal part of intestine ; m, 
terminal chamber of tracheal 
tube ; n, stigmatic fossa ; 0 , 
terminal part of intestine ; 
anus ; y, anal disc ; r, ventral 
tracheal tube ; 6 ’, stomach ; 

nervous system ; u, discs 
for the three pairs of legs of 
the iimigo ; v, ventral poucli ; 
w, pharynx ; x, suctorial lip. 


invagination, so that two little passages appear on section (Fig. 
246) ; the upper one leads to the ’stomach, which is of very 
large size. The tracheal system is peculiar ; it is metapneustic, 
there being neither anterior nor lateral spiracles. Pratt says 
tliat tliere is at first a single pair of terminal spiracles, and sub- 
sequently tliree pairs, hexioe he considers that the terminal part 
of the body corresponds to three segments. This is however 
probably a mistaken view ; it appears more probable that the so- 
called three pairs of stigmata really correspond with the complex 


^ Abh. Ges. llalle, iv. 1858, p, 145, ^ Arch. NaturgescK lix. i. 1893, p. 151. 





condition of tlie stigmata in tlie later instars of certain otliex 
Dipterous larvae. Tlie I£elophccg'us-\‘dXY^ is nomislied l;)^ se.ci’e- 
tioii from certain glands of tlie motlier-lij ; this is swullowe.d 
and the stomach is greatly distended by this milky liiiid. 
Probably it was this condition that induced iiiifonr to suppose 
the larva to he only an embryo. 

Some of the Hippoboscidae that live on birds take to the 
wing with great readiness, and it is probable that tliese l>ird- 
parasites wdll prove more numerous than is at present suspiected. 

We may here notice an animal recently descril;)ed hy Di*. 
Adensamer and called Aseodipteron} He treats it as the female 
imago of a Piipiparoiis Dipteroii. It was found hiiried in the 
skin of the wing of a bat of the genus Flhyllorldna, in the 
Dutch East Indies, only one individual being known. It is 
entirely unsegmented, and externally witlioiit head. Tf ])r, 
Adensamer should prove to he correct in Iris surmise the creature 
can scarcely he inferior in interest to the Strepsiptera. 

Fam. 41. Braulidae. — This consists only of a minute Insect 
that lives on bees. The antennae are sonievvliat likt*, those of 


. sheep-tick, though, 

Fig. M7.~Mrmda coem. x-\% (After Meineit.) from those of 

Hippoiioscidae tlic^y 
are essentially similar. Lucas says that JBnmicc si>ecial]y affeets 
the thorax of the bee: Miiggeiihurg, that it is fond of tin*. 


Fig. 24 7. —Mrmda coeca. x -Y-. ( After Meineit. ) 


queen-bee tecaiise of the exposed meiuhiuues between the liody- 
segments that exist hi that sex. Whether this Insect is truly 
Pupiparous is unknown, though Boise states that a ])npa is 
deposited in the cell of the bee by tlie side of the young lurvti of 


^ SB. Ale. Wien. cv. 1896, AhtheiZ. i. p. rOO. 
“ Arch. Naiurges. Iviii. i, 1892, p. 287. 
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fclie bee, and appears as the perfect Insect in about twenty-one 
days. Milggeiiburg suggests that Bra/tiLcc may lie oviparous, ofi he 
has never found a larva in the abdomen. Packard says tliat on tlie 
day the larva liatches from tlie egg it sheds its skin and turns to an 
oval pupariurn of a dark brown colour. The Insect is fre(|uent]y 
thougli inaxopropriately called hee-loase ; notwitlistandiiigits name 
i t is not quite blind, though the eyes are very imperfect. 

ram. 4:2. Streblidae. — Whujed ; pofiHendnfj ludteres; the 
head 8m all, mar void amd ffax. I'^liese very rare I)i])tera are 
altogether problematic. According to Kolenati tlie larvae live in 
bats’ excrement and the perfect Insects on the bats.^ If the 
former statement be correct the Insects can scarcely pirove to be 
Piipipara. The wing-nervnration is, in the figures of the 
Prussian author, quite different from that of Hipp)ol)oscidaa Tlie 
Streblidae have been associated by some entomologists with 
Nycteribiidae, and by Williston "with Hippoboscidae. , 

Family 43. Nycteribiidae. — The species of this family are 



Fid. 248. — FycUribia, , fTora Xantktrpyza stmvomea. Aden. A, Upper surfoce of 

female, 'witli head in the position of repone ; B, under surface of male. x 


found on bats ; they are apparently rare, and we have been able 
to examine only one species. The form is very peculiar, the 
Horae Soc. mt, Ross. ii. 1863, ji. 90. 
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Insects looking as if the upper were the muler surfaces 'iliey 
are wingless, with a narrow head, which reposes on the back ot;‘ the 
thorax. The prothorax appears to be seated on tlie dorsum otthe 
mesothorax. According* to Miiggeiihiirg there is no trax'.e of a 
ptilinum. A brief note on the metamorphosis^ hj Ilaroii Osten 
Sacken indicates that the mature laiwa differs from tha,t (jf 



Fig. 249. — Anterior part of the "body of iV?yci!f€n5z« sp., foimd mXantharjnjmdTam m^^^ 
Colonel Yerbiiry at Aden. A, Upper surface of feinaki, with hea<l exteialctl ; 
B, under surface of male, with head extended ; C, claws of a foot. 


Melophagus in the arrangement of the stigmata; tliey appear to 
be dorsal instead of terminal. There are apparently no charactm’w 
of sufficient importance to justify the association of th(\se 
Insects with the other divisions of Tupipara ; the sole ground 
for this connection being the supposed nature of the life-liistorf 
of the larva. 

Snh- Order Aphaniptera or Siphonaptera (Fleas) 

I*am. Pulicidae. — Wingless^ with the locly kitemily eomprsi^seck 
so that the transverse diameter is smcdl, the vertical one great. The 
head indistinctly separated from the body, small, with short thick 
antennae placed m depressions somewhat behind and above the wn- 
faceted eyes. These are always minute, and sometimes wanting.— 
^ 7V. c'nt. Soe. Londofi, 1881, p. 360. 
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We a.ll know that the Flea, is so ila.t, or compressed sideways^ tliat it 

does not luiiid tlie most severe 

squeeze. This coudition is 

almost peciilia,r to it ; a great 

flattening of the body is com- 

inon ill Insects — as is seen in 

another annoying Insect^ tlu^ 

hecl-hng — ])iit tlie, compression, 

in tlie flea, is in the reverse 

direction. In other respects the Britain. 

, p 'ln (AiUir Ritsenia.) 

external anatomy of tlie Ilea 

shows several peculiarities, tlie morphological import of which ha,s 
not yet been elucidated. Idle, head is of very 
peculLar shape, small, with tlie antennae ])la,ced 
in an unusual position ; the clypeiis is said to 
be entirely al>seiit, the front legs are articulated 
in silch a manner that they have a large addi- 
tional ].)asal pitice — (mlled liy some anatomists 
tlie ischium — and in consecpiencc ap]K‘ar to lie 
])lac(jd far forwards, looking as if they were 
attached to the liead ; the meso- and meta- 
thorax have certain fla])H that have IxMm vam - 
sidered to he lioniologiies of wings ; and the 
maxillary ])alpi are attached to the Iiead in 
such a way that they appiuir to play the part 
of the antennae of other Insects (Fig. 250), 
and were actually considered to lie tlui antennae^, 
by LinnaeiiH, as well as others ; the mouth- 
partiB themselves are diflerently constructed 
from those of auiy other InK(‘c,ts.^ The maxillae 
pricking organ ; labiuTii are consider(‘,d to lie not only present, 

Lp. labial palp; developed, th<*, fornuir T)oss(‘Bsine: palpi 

Md. mandiblo; h i-, J 1 

Mx.nmxiiiei, ; Mxp. moderately wfdl cUweloped, wlule the labial 

(Tuer^Wagner)^^^’ larg(5 and of highly peculiar 

form, being i mperfcctly transversedy j oi u t ed 
and acting as sheatlis ; the mandibles are present in tlie form of 

^ The best general description of the external anatomy of the Ilea is to be found 
in Taschenberg, Die Flohe, 1880. Tlie morphology is bettor oluchlated, though still 
incompletely, in Wagner’s valuable “ Apkanipterologische Stuclicn/' Horae ^'00. ent. 
Hobs, xxiii. 1889, pp. 199-260, 5 plates, and op. cU. xxxL 1897, pp. 555-594, 3 
plates. Cf. also N. C- Rothschild, lYuv. Zool. v. 1898, pp. 533-544, 3 plates. 
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Fig. 251: -- Month- 
I)arts of a ilea, V'er- 
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a pair of elongate, slender organs, with serrated edges ; and there 
is an unpaired, elongate priclving-organ, thought by some to ])e a 
lijTpopliaiynx, and hy others a labriim. Tlie antenna,e a, re ol‘ 
imiisual form, consisting of two basal joints, and, loosely con- 
nected therewith, a terminal mass of diverse form and more or 
less distinctly, though irregularly, segmented. The full ninuhor 
of ten stigmata exists, Wagner giving three thoracic, with sevaui 
abdominal, placed on segments 2-8 of tin*. aJxlo- 
meii ; but Packard thinks the siipposcal ni(dn- 
tlioracic stigma is really the first al)(lomiiial. 
Fleas undergo a very complete nietaniorphosis ; 
the larvae are wormlike, resemhliiig th<jse of 
Mycetophilid Diptera (Pig. 252). Tlic (‘gg of 
the cat’s hea is dep)osited among the fur of the 
animal, but (unlike the eggs of other ])a,rasit(‘s) 
apparently is not fastened to the hair, for the 
eggs fall freely to the ground from inft*Hb(?d 
animals; the young larva wlien hatched hcjirs 
on the head a curious structure for breaking 
the egg-shell. It has the mouth -}>arbs of a 
maiidibnlate Insect and is peripneustic?, ha,ving 
ten pairs of stigmata. It subseqinmtly Ijiuioim^s 
of less elongate form. Tleu-hirvae arri able, to 
nourish themselves on almost any kind of ivfus(‘. 
aniinal matter, Laboulbene having luiarcul them 
on the sweepings of apartm( 3 nt 8 ; th(‘y nnty 

J.' JLU. Xiiai Vit Ul , . n 1 111 

Fulex serratice^s, perhaps sometiines feed on blood; at any rat(‘. 
tiiedog. contents of the aliinentary canal a])p(*a,r red 

iCiiiickei.) through the transparent ^integuments. When 

full grown the larva makes a cocoon, and 
frequently covers it with pieces of dust. The perfect il(‘a 
appears in a week or two thereafter ; the p)upa has the niemlierfi 
free. The food of the larvae of fleas has been much disciisscul 
and a variety of statements made on the subject. It has lieen 
stated that the mother-flea after being gorged with blood (uirries 
some of it to the young, but Klinekel has shown that there is 
very little foundation for this tale. Enormous numbers of fleas 
are sometimes found in uninhabited apartments to wliieh animalH 
have previously had access, and these fleas will attack in nnmbera 
and with great eagerness any unfortunate person who may enter 




FLEAS ■ 525 

tlie apartment. The cat-flea can pass through its' growth and 
metamorphosis witli excessive rapidity, the entire develop 3 neirt of 
a generation in favourable conditions extending hut little beyond 
a fortnight.^ 

About a hundred kinds of fleas are known, all of whicdi live 
on mammals or. birds. Hystrichopsylloc tcdpcce (Fig 25 0) is one 
of the largest, it occurs on the Mole. It was found by Hitseina 
in the nests of JBomhm sulterTane%s (and was described under 
the name of JduUx ohtusioe2)s'). As these nests are known to be 
harried by Voles, and as this flea has also been found on Field- 
iiiLce, it is probable that the parasites are carried to the nests 
by the Voles. The species that chiefly infests man is Fulex 
irritct%s, an Insect that is nearly cosmopolitan, though arid desert 
regions are apparently unsuitable to ih Fulex avmni occurs on 
a great variety of birds. P, se^'ratieeps infests the dog and the 
cat, as well as a variety of otlier Manuuals. It is a coininoii 
opinion that each species of Mammal lias its own peculiar flea, 
but this is far from correct. Fleas pass readily from one species 
of animal to another; the writer formerly possessed a cat that 
was a most determined and snccessfnl luniter of xahbits, and she 
frequently returned from her excursions swarming with fleas that 
she had become infested with when in the rabbits’ burrows ; her 
ears were on some occasions very sore from the flea-bites. Seme 
of the fleas of other aiiiimls nndoiihtedly bite man. ' There 
appears, however, to he much difference in the liability of different 
individuals of our own species to the bites of fleas. Setrcopsylla 
pmetreons differs in habits from otlier fleas, as the female 
buries the anterior parts of her body in the flesh of man or 
other Vertebrates, and the abdomen then becomes enormously 
enlarged and distended and undergoes a series of changes that 
are of much interest.^ While in tliis position the Insect dis- 
charges a number of eggs. This species multiplies sufficiently 
to become a serious pest in certain regions, the body of one man 
having been known to be affording hospitality to 300 of these 
fleas. Sarcopsiflla penetrans is known as the Sand- flea, or 
chigger, and by numerous other iiames. Originally a native of 
tropical America it has been carried to other parts of the world. 
Another Sarcopsyllct, /?. gallinaceii, attaches it.self to the eyelids 

Howard, BidL Dej). AijTic. JEuL N.S. ITo. 4, 1896. 

^ ScMmLewitsch, J^odl Anz. vii. 1884, p. 673. 
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of the domestic fowl in Ceylon, and an allied form, Bliyncliopsylla 
^ulex, fastens itself to the eyelids and other parts of the body of 
birds and hats in South America. In Turkestan Vemivpsylla 
alakurt attacks cattle — ox, horse, camel, sheep — fastening itself to 
the body of the animal after the fashion of a tick. Eetainiiig 
this position all through the winter, it becomes distended some- 
what after the manner of the Sand-flea, though it never forms 
a spherical body. The parts of the mouth in this Insect (Fig. 251) 
are unusually long, correlative with the thickness of the skins of 
the animals on which it lives. Grassi considers that the dogs 
flea, PuUx serraticeps, acts as tlie intermediate host of Taenia. 

Great difference of opinion has for long prevailed as to 
whether fleas should be treated as a Sub-Order of I)iptei*a or a,s 
a separate Order of Insects. Wagner and Kiinckel, who have 
recently discussed the cpiestion, think they may pass as a])errant 
Diptera, while Packard,^ the last writer on the subject, prefers 
to consider them a separate Order more closely allied to Diptera 
than to any other Insects. .Altliough widely known as Aphan- 
iptera, several writers call them Siphonaptera, because Latreille 
proposed that name for them some years before Kirby called 
them Aphaniptera. Meinert considers them a separate Order 
and calls it Suctoria, a most unfortunate name. 

Order VIII. Thysanoptera. 

Small Insects, with a pcdpigerous month placal on the under side of 
the head and apposed to the sternum so as to he concealed. 
With four slender wings, fringed with long hairs on one or 
loth margins, or with rudiments of wings, or entirely (fpterous. 
Tarsi of one or two joints, terminated hy a vesicular structure. 
The young resemble the adult in general form, hut there is a 
pupal stadium in which the Insect is quiescent a 7 id tales no 
food. 

The tiny Insects called Thrips are extremely abundant and 
may often be found in profusion in flowers. Their size is only 
from to of an inch in length ; those of the latter magni- 
tude are in fact giant species, and so for as we know at present 
are found only in Australia (Fig. 253). As regards the extent 
^ P. Boston Soc. xxvi. 1894, pp, 312-355, 
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of tlie Order it would appear that Thysanoptera are insignificant, 
as less than 150 species are known. Thrips have been, how- 
ever, very much neglected by entomologists, so it will not be a 
matter for surprise if there should prove to be several thousand 
species. These Insects 
present several points 
of interest ; tlieir 
mouth - organs are 
uni(|ue in structure ; 
besides this, they ex- 
hibit so many points 
of dissimilarity from 
other Insects that it 
is impossible to treat 
them as subdivisions 
of any other Order. 

They liave, however, 
l)een considered by 
some to be aberrant 
Pse iidone urop t era (cf. 

Vol. V.), while others 
have associated them, 
with Hemiptera. Poth 
Prauer and Packard 
liave treated Thysa- 
nox)tera as a separate- 
Order, and there can 
lie no doubt that this 
is correct. Tliysano- 
jitera liave recently been monographed hy IJzel in a work that is, 
unfortunately for most of us, in the Pohemian language.’ 

Tlie antennae are never very long, and are 6 to 9 -jointed. 
The head varies much, being sometimes elongate and tubular, 
but sometimes short ; it has, however, always the peculiarity that 
the antennae are placed quite on its front part, and that the 
mouth appears to he * absent, owing to its parts being thrust 
against the under side of the thorax and concealed. Their most 
remarkable peciiliiirity is that some of them are asymmetrical : 
Uzel looks on the peculiar structure, the “ Mundstacliel,” m, m 
^ Mo)iofjra,j[)hie der Ordnwuj Thysanoptercij Koniggrlitz, 4to, 1895. 
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(Fig. 254) found on the left side of the body, as i^robahly an enor- 
mous development of the epiphaiynx. Previous to the appearance 

of Uzebs work, Gannan had, however, 
correctly described the structure of the 
mouth he puts a different interpretation 
on the parts ; he points out that the 
mandibles (y), so-called by Uzel, arc at- 
tached to the maxillae, and lie considers 
that they are really jointed, and tliat 
they are lobes thereof; while tlie Muiid- 
stachel or piercer is, he considers, the 
left mandible ; the corresponding struc- 
ture of the other side being nearly 
entirely absent. He points out that 
the labrum and endocraniuni are also 
asymmetrical. We think Garman’s 
view a reasonable one, and may re- 
mark that dissimilarity of the man- 
dibles of the two sides is usual in 

the antennae) of Aeoiothrvps Insects, and that the maiidibles ma}^ 
fasciata. (After Uzel.) a, be hollow for suckiiig, as IS shown hy 

imip (c); 6^, terminal part of the larvae of Hemerobiides. ^ Ihere 

vertex near attachment of xisually three ocelli, blit tliey are 

mouth-parts ; a, membrane . i 

between maxilla and mentuiii ; absent in the entirely apterous lorms, 

e, menturn ending m a point wingS ai)pear to S])rin<g from 

near f ; g, membrane ot o i x x » 

attachment of the labial palp the dorsal Surface of the body, not 

the sides; the anterior ^air is 
base of mandible ; I, chitin- always quite separated from tlic pos- 

mth its thick ba^ai part n, tenor ; the wings are always slender, 
and 0 , its connection with sometimes veij sleiuler ; in other re- 
the forehead, r, r; P, for- x xi i -i -x • i i i • j 

amen of muscle ; s and t, spects they exliihit coiisidcralilc Variety ; 

points of infolding of vertex ; sometimes the front pair arc different 
u, a prolongation of the . , , r , ,, , , 

gena. Ud colour and consistence ironi the 

other pair. The abdomen has ten seg- 
ments, the last of which is often tubular in form. The pc^culiar 
vesicular structures by which the feet are terminated are, (luring 
movement, alternately distended and emptied, and have two liooks 
or claws on the sides. The stigmata are extremely peculiar, 
there being four pairs, the first being tlie mesothoracic, 2n(l 
^ Bull. Essex EisL xxii. 1890, p. 24 ; also Atmr. Nat%i,ral. xxx. 1896, p. 591 . 
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metatlioracic, 8rd on the second abdorninal segment, 4tli on the 
eiglitli. al:Hlominal segment.^ There are four Malpighian tubes, 
and two or three pairs of salivary glands. The dorsal vessel 
is said to l)e a short sack placed in the 7th and 8th abdominal 
segments. The abdominal ganglia of the ventral chain are con- 
centra, ted in a single mass, placed in, or close to, the thorax ; the 
thorax has two other approximated ganglia, as well as an a.nterior 
one that appears to ])e the infra-oesophageal. 

Hie metamorphosis is also pieculiar ; the larva does not differ 
greatly in appearance from tlie adult, and has similar mouth- 
organs and hiod-habits- The wings are developed outside the 
l)ody at the sides, and appear first, according to Heeger, after 
the third moult. The nymph-condition is like that of a pupa 
inasmuch as no nourishment is taken, and the parts of the body 
are enclosed in a skin : in some species there is power of“ movement 
to a sliglit degree, but other species are quite motionless. In 
some cases the body is entirely bright red, though subsequently 
tliere is no trace of this colour. Jordan distinguishes two 
nym])hal periods, tlie first of which lie calls the pronymplial ; in 
it the Insect appears to lie in a condition intermediate between 
tliat of the larva and that of the true nymph ; the old cuticle 
lieiiig retained, thougli the hypodermis is detached from it 
and forms a fresh cuticle beneath it. This condition, as Jordan 
remarks, seems ])arallel to that of the male Coccid, and ap- 
proaches closely to coiiqilete metamorphosis; indeed the only 
characters by wliich the two can be distinguished appear to 
he (1) that the young has not a special form; (2) that the 
wings are. developed outside the body. 

Tliri))S take their food, it is believed, in the same manner 
as Apbidae, liy suction ; but the details of the process are not by 
any nutans certain, and examination of the stomach is said to have 
r(*.sulted in finding pollen therein. Walsh tbouglit that Thy- 
saiioptera ])ierce and suck Apbidae. An elaborate inquiry 
by Osliorn " failed to elicit satisfactory confirmation of Walsh’s 
i(h,‘.a, though liiley and Pergande support it to some extent ; 
Osliorn concludes that tlie ordinary fond is nob drawn directly 
from sap, luit consists of exudation or pollen, the tissues 

^ Jordan in an intercHting paper, Zeitschr. wiss. ZooL xlvii. 1888, p. 573, says 
that in the division Terebrantia” there are only three pairs of stigmata. 

^ Lmxt Life, L 1888, p. 138. 
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of the plant heing pierced only when a 

the usual sources falls short. Members of this fainil}" Imvt.^ 
been reputed as being very injurious to ciiltivated plunts, especial 1}^ 
to cereals, and it is said that as a result the harvests in Kin‘()])e 
liaye been seriously diminished. Several species may taJce pa,rb 
in the attacks. These appear to l)e diir^cted chielly against 
the iiilioresceiice. Liiidemaii thought that ./vvb/ahArvip.s' ih7iUcAyrrd>< 
( = Tlirips seccdviia), and AntliotlvAps amUatci ( = Fkloe.othrvj):^ 
frwmmtcmui), were the most destructiv'e species in an atta.ck oi* 
Thrips on corn that he investigated in Itussia,. Uzc'l sugg(*sts 
that injuries due to other causes are sonietiines ascribed to Tlirij)sT 
In hot-houses these Insects are well known, and sonudinics 
occasion considerable damage to foliage. The (Terinan horti- 
cnlturalists call them Hack-fiy, in distinction from A])hi<lac^ or 
green-fly. Some Thysanoptera live under l)ark, and even in 
fungi, and in Australia they form galls on the leaves of tree's, 
rids observation is due to Mr Eroggutt, and is eon finned hy 
specimens he sent to the writer. Tesicnlar Ixulies in the leaves 
of Acacia salif^na Avere traversed on one side l>y a longitudinal 
slit, and on a section being made, nothing hut Thri|>s, in various 
stages of growth, was found inside them. A second kind of gall, 
forming masses of considerable size on the twigs of CriU/Lslcf/urii, 
is said by Mr Froggatt to be also due to Tbriyis, as is a third 
kind on JJimaria sphiosa. It is curious that Thrips’ gaJIs Imvc 
not heen observed in other parts of the world. 

Thysanoptera are devoured hy small hugs of the. g(‘nu.s 
lYipUe^Js, as well as by beetles; a small Acarid attacks tlenn by 
fixing itself to the body of the Thrips. Nematode Avornisaud their 
eggs were found by Uzel in the hody-cavity. He found no less 
than 200 Nematodes in one Thrips, and noticed tliat they hud 
entirely destroyed the ovaries. Woodpeckers, according to liiin, 
tear off the hark of trees and eat tlie Thysanoptera that art^ 
concealed thereunder, though one would liave surmis(‘d tluit 
these minute Insects are too small to he game for such birds. 
They have, it appears, no special protection, except that one 
species (a larva of Fhloepthrips sp.) is said to emit a ]>ratective 
fluid. 

Parthenogenesis seems to be frecpiient amongst Thysanopttmi, 

^ See Linderaanii, Bull Boc. Ifosco'U, Ixii. 188f5, Ko. ‘2, j). 290, and Mu/i. 
1895, pp. 397, 398. 


and is found in concurrence witli diversity as to winged and wing- 
]ess females of tlie same species, so as to have given rise to the iden, 
tiiat the phenomena in this respect are parallel with those tliat 
are more widely known as occurring iu'Aphidae. Under certain 
(drcumstances few or no males are produced (one of the cir- 
cuinstanees, according to Jordan, being season of the yea, r), and 
the females continue tlie species parthenogenetically. In other 
cases, though males are produced they are in very small numl )ers. 
Some species of Thysanoptera are imver winged ; in others th(‘. 
individuals are winged or wingless according to sex. But there 
are other cases in wliicli the female is usually wingless, and 
is exceptionally winged. Tlie winged specimens in tliis case 
arc, it is thought, of special use in disseminating the species, 
flordan has suggested tliat these phenomena may he of a, 
regular iiature, but Vzel does not take this view. Another 
condition may he mentioned, in which tlie species is usually wing- 
less, Init winged individuals of the male as well as of tlie female 
sex occasionally appear. TJ trips Ivni apparently makes regular 
migrations, feeding at one time underground on tlie roots 
of flax, and then changing to a life in the open air on other 
])lants. 

Numerous forms of Thysanoptera, belonging to both of the 
great divisions of the C)rd(‘.r, liave been found fossil in Europe 
a, lid North America, liut all are confined to deposits of the Tertiary 
epoch. 

or the 1M5 species known to Uzel, 117 are European; they 
a, re divided into two Sub-Orders. 1, Terebrantia, in which the 
f(una,les art^ provided with an external' toothed ovixiositor, of two 
valves ; 2, Tuhiilifera, in which there is no ovipositor, and the 
(‘xtrmiiity of tlie body is tubular in both sexes. The British 
speci(‘s a.rct alxmt 50 in number, and were described liy 
Haliday about 60 years ago ; ^ of late they have been very 
little studied. 

The name Physopoda or Idiysapoda is used for this Order, 
instead of Thysanoptera, liy several naturalists. 

^ EnivnwlQfjical Magazine^ iii. 1836, p. 439, and iv, 1837, p. 144. 
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HEMIPTERA OR BUGS 

Order IX. Hemiptera. 

Mouth consisting of a pvboscis or molile leak (iisually concealed 
ly being bent under the body), a^'pearmg as a transrersly - 
jointed rod or grooved sheath, in which a/re enclosed Umy 
slender setae {like horsediairs). Wings {nearly always) fo'iir ; 
the anterior frequently more horny than the gmterior 2 )aia\ 
and folding fiat on the back, their apical portions usual ly 
7nore 'membranous than the base (Heteroptera) ; or the fo wr 
wings 7na,y cover the abdomen wi a roof dike maimer, (and 
those of the anterior pa/ir 7m/y not have the basal and apical 
parts of different consiste'riees (Homoptera) ; simiet/inies al I 
four of the wings are transparrent The yomig resemhUs th(/ 
adult in general form ; the wings are develop)ed outside t)ifi 
body, by groioth, at the moults, of the sides of the hinder jnrr-- 
tions of the meso- and 7neta~notmn ; the 7netanotcd 'prolo'/u/a- 
tions being 7nore or less concealed by the 7nesono.^aL 

The Hemiptera or Bugs are perhaps more widely known aw 
Rhynchota. In deciding whether an Insect belongs to tlii« 
Order the student will do well to examine in' the first place, 
the beak, treating the wings as subordinate in importance, thcdt* 
condition being much more variable than that of the beak. The 
above definition includes no reference to the degraded Anoplui a 
or Lice. These are separately dealt with on p. 699; they an* 
absolutely wingless, and have an unjointed proboscis not placed 
beneath the body, the greater part of it being usually withdrawn 
inside the body of the Insect. 

The Hemiptera are without exception sucking Insects, aiid 
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the month-organs of the individual are of one form throughout 
its life. Ill this latter fact, coupled with another, that the 
young are not definitely different in form from the adult. 

Bugs differ widely from all other Insects with sucking-mouth. 

They agree with the Orthoptera in the facts that the mouth does 
not change its structure during the individual life, and that the 
development of the individual is gradual, its form, as a rule, 
cdiaiiging ])ut little. In respect of the structure of the mouth, 

Ortlioptera and Hemiptera are the most different of all the 
Orders. Hence, Hemiptera is really the most isolated of all the 
Orders of Insects. We shall subsetpiently see that, like Orthoptera, 

I 

I 

I 
I 
I 

Pin. 255 . — JfJffsthenrs I 

pratti (Pentato- . I 

niidae). Cliina. A, j 

Nyiiij)!! : a, ease of 1 

anterior, ol‘ pos- j 

terior wing ; c, ori- | 

tices of stink- 1 

glands ; B, the | 

adult Insect. j 


the Order appeared in the Palaeozoic epoch. Although a very 
extensive Order, Hemiptera have for some incomprehensihle 
reason never been favourite objects of study. Sixty years ago 
Duffnir pointed out that they were the most neglected of all tlie 
great Orders of Insects, and this is still true; our accpiaintance 
with their life-histories and morphology especially being very 
limited. 

There is probalily no Order of Insects that is so directly con- 
nected with the welfare of the human race as the Hemiptera ; 
indeed, if anything were to exterminate the enemies of Hemiptera, 
we ourselves sliould probably be starved in the course of a few 
months. The operations of Hemiiitera, however, to a large ex- 
tent e8ea])(*, observation, as their mouth-setae make merely pricks 
that do not attnuit notice in j)lants ; hence, it is probable that 
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injuries really due to Hemiptera are frequently attrilmted to 
other causes. 

In the course of the following brief sketch of the anatomy 
and deyelopment of Hemiptera, we shall frequently have to use 
the terms Heteroptera and Homoptera ; we may therefore here 
mention that there are two great divisions of Hemiptera having 
hut little connection, and known by the above names: the 
meinhers of these two Sub-Orders may in most cases be dis- 
tinguished by the condition of the wings, as mentioned in the 
definition at the commencement of this chapter. 

External structure. — The mouth-parts consist of an anterior 
or upper and a posterior or lower enwrapping part, and of the 
organs proper, which are four hair-like bodies, dilated at their 
bases and resting on a complex chitinous framework. The 
lower part forms by far the larger portion of the sheath and is of 
very diverse lengths, and from one to four-jointed : it is as it were 
an enwrapping organ, and a groove may be seen running along it, 
in addition to the evident cross- segmentation. The upper 
covering qoart is much smaller, and only fills a gap at the base 
of the sheath ; it can readily be lifted so as to disclose the setae ; 
these latter organs are fine, flexible, closely connected, rods, four 
in number, though often seeming to be only three, owing to the 
intimate union of the components of one of the two pairs ; at 
their base the setae become broader, and are closely connected 
with some of the loops of the chitinous framework that is con- 
tained within the head. Sometimes the setae are much longeir 
than the sheath; they are capable of protrusion. Although 
varying considerably in minor points, such as the lengths of tlui 
sheath and setae, and the number of cross-joints of the sheatli, 
these structures are so far as is known constant throughout the 
Order. There are no palpi, and the only additions exceptionally 
present are a pair of small plates that in certain forms (acpiatic 
family Telostomidae) lie on The front of the proboscis near the 
tip, overlapping, in fact, the last of the cross-articulations. 

Simple as is this system of trophi its morphology is uncertain, 
and has given rise to much differeice of interpretation. It may 
be granted that the two portions of the sheath are respectively 
upper lip, and labium; but as to the other parts wide difference 
of opinion still prevails. On the whole the view most generally 
accepted, to the effect that the inner pair of the setae correspond 
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ill a broad sense with maxillae of iiiandibnlate Insects, and the 
outer pair with mandibles, is probably correct. Mecznikovv, who 
studied the emliryology,^ supports this view for Ileteroptera, 
])iit he says (t.c. p. 462), that in Hoinoptera the parts of tlie 
embryo corresponding with rudimentary maxillae and mandibles 
disa.ppear, and that the setae are subsequently produced from 
p(‘culia,r special Imdies that are at first of a retort-shapied form ; 
the neck of tlie retort becoming afterwards more elonga-te to form 
tlie seta ; also that in the Heteropterous genus Gerris tlie 
embryology in general resembles that of Hoinoptera, lint thci 

Fig. 256. — Moutli - parts of 
Heniiptura. (Aftc.r 
Wedde.) A, Setdiou of 
tho head aiul probostds of 
Pif rrhocoris apkrus : dr^ 
gland ; i//, infra - ooso- 
pliagcal ganglion ; Ih, 
labium; hr, labrnin; w, 
muscles ; m}, niuscde (de- 
jiressor of lal)iuin) ; mr, 
muscle of syringe ; ph, 
pliarynx ; .y, setae ; .v.//, 
supra - oesophageal gang- 
lion ; sp. dr, salivary 
gland ; syringe : B, 

transverse section of pro- 
boscis of .l*eMtatoma rujl-- 
pe.% at third joint of 
sheath : m, w/, muscles ; 
md, mandibular seta ; wr«, 
maxillary setae ; ■»-, nerve ; 
p, tlie sheath or lahiinu ; 
tr, trachea. 

(leYclopmeiit of the setae is like that of other Heterojitera (/J.d. p. 
478). This discontinuity in the development of the Homopterous 
mouth lias since been refuted by Witlaczil,*^ who found that the 
rd/ort-shaped bodies really arise fnnii tlie priinary segmental 
app(mdag(is after they havci sunk into the head. We are there- 
fore justifit5(l in concluding that the inoutli-parts are at first 
similarly dcwelopcHl in all Hemiptera, and that this development 
is of a very pecuiliar nature. 

Smith is convinced that therii are no traces of mandilmlar 
siriKiture in a,iiy Hemiptera.*^ On the other hand, numerous 
entomologists have supposed they could homologise satisfactorily 
various pa,rts of the Hemipterous tro])hi with spedal parts of the 

^ Zc'Uschr, 'wm, ZooL xvi. 1866, p. 889. - Arh. hid. Wim, iv. 1882, j). 415. 

^ Tr. Aincr. Phil. .xix. 1896, p. 176. 
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maxillae and labium of maiidibulate Insects. This point 
recently been discussed by Marlatt ^ and by Heymons." I 
the latter we gather that the mode of growth is peculiar ]t\ 
extension backwards of some of the sclerites, and their bec(»i . 
confounded with parts of the wall of the head Erom all t-h 
appears that at present we cannot correctly go farther 
saying that the trophi of Hemiptera are the appendages of i 
head-segments, like those of other Insects. The views of Sa\ i 
Leon,^ and others to the effect that labial palpi, and even « 
parts of the labium of Mandibulata can be satisfactorily ideiit 
are not confirmed by Heymons. 

Underneath the pharynx, in the head, there is a p(‘f 
structure for which we have as yet no English term. 1 1 
apparently discovered by Landois and Paul Mayer, ^ and has 
called "Wanzenspritze,’’ which we translate as syringe. It ina: 
briefly described as a chamber, into which the salivary ducts « ■ 
prolonged in front to the neighbourhood of the grooves <»! 
setae in the rostrum; behind, it is connected with mub> 
it has no direct connection with the pharynx, and though if 
formerly supposed to be an organ of suction, it seems more | ■ 
able that it is of the nature of a force-pump, to propel th<* 
ducts of some of the bug’s glands towards the tips of the sot... 

The rostrum being extended from its position of repos* • 
tip of the sheath is brought into contact with the object I • 
pierced, the surface of which is probably examined by m(^ai.< 
sensitive hairs at the extremity of the sheath; these tlnor^ 
functionally replace to some extent the palpi of other In r 
As a rule the sheath does not penetrate (though there is I'l * 
for believing that in various of the animal-feeding bugs it ^ 
so), but the setae are brought into action for piercing the 
of the plant; they are extremely sharp, and the outer ])aJi 
usually barbed, so that when once introduced a hold is . 
maintained. This being established it is thought that the sal t « 
pump comes into play, and that a fluid is injected into the 
pierced so as to give rise to irritation or congestion, and ? 
keep up a supply of fluid at the point operated on: this 
extends along the grooved setae by capillary attraction, and 

1 P. ent. soc. Washington, iii. 1895, p. 241. - Ent. Naehr, xxii. 1896, |». 

® EooL Anz, 1897, No. 527, p. 73. 

^ Arch. AnaL Physiol. 1874, p. 313, and 1875, p. 309. 
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rapidity of the current is increased by a pumping action of the 
pharynx, and possibly by movements of the setae tliemselves. 
Thoiigh the setae are often extremely elongate — sometimes several 
times the length of the body — they are nearly always slender, and 
there is no reason to suppose that a perfect, or air-tight, tube is 
formed ; hence it is probable that capillary attraction is really 
the chief agent in the ingestion of the fluid. The slight diversity 
of structure of ttie Hemipterous trophi is in very striking con- 
trast with what we fnd in mandibulate Insects, and in the less 
purely suctorial Insects, such as Diptera and some divisions of 
Plymenoptera. Schiodte in com- 
menting on this has suggested that 
it is probably due to tlie small variety 
of actions the rostrum is put to.^ 

The head exhibits great variety 
of form ; in the Homoptera * the 
front part is deflexed and inflexed, 
so that it is placed on the under 
surface, and its anterior margin 
is directed Ijackwards ; it is often 
peculiarly inflated ; in the Lantern- 
flies or Tulgoridae (Tig. 282) to an 
incomprehensible extent. In the great 
Water-lnigs, Belostornidae, there is on 
the under surface a deep pocket for 
each antenna, beautifully adapted to 
the shape of the curiously-formed ap- 
pendage (Fig. 279). The prothorax is 
always very distinct, frequently large, 
and in many of the Heteroptera 
(Fig. 257), as well as in the Hoinop- 
terous family, Mernbracidae (F ig. 

283), aBSumes the most extraordinary 
shapes. Both meso- and meta- thorax are well developed. The 
former is remarkable for the great size of the scutellum ; in 
some cases (Plataspides, Sciitellerides) this forms a large process, 

^ For the Ktructnre and devidopnient of the Hcitupterous troxdii, see Mayor, Arch. 
AnaL Physiol. 1874 and 1875 ; Meemikow, Zeitschr. wiss. ZooL ?cvi. 1866, p. 389 ; 
OeiKc, Arch. iVatun/esch. xlix. 1, 1883, ]). 315 ; Wedde, ciL li. 1, 1885, p. 113 ; 
Mark, Arch. •mitr. AnaL xiii. 1877, p. 31 : Smith, Tr. Amer. Phil. Aoc. xix. 1896, 
p. 176. 



Fra. 257. — Fiaccodcrcs tvhc/rculafMS 
Gray. Brazil. (Fain. Reduviidae.) 
(Antennae absent in the .sjieeiinen 
represented.) 
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maxillae aud laUum of maiidibulate Insects. Tiiis point lias 
recently been discussed by Marlatt ^ and by Heyiiioris." .From 
tbe latter we gather that the mode of growth is peculiar by tlui 
extension backwards of some of the selerites, and tludr hcMMiiuing 
confounded with parts of the wall of tlie head. From all this it 
appears that at present we cannot correctly go faitluu* than 
saying that the trophi of Hemiptera are tlie ap])(.‘ndag<‘,s of three 
head-segments, like those of other Insects. The Yiewsof Savigny, 
Leon,'^ and others to the effect that lahial P'alpi, a,nd even other 
parts of the lahiiiin of Maiidihxdata can he satisfindorily iihm tilled 
are not confirinecl hy Heymons. 

Underneath the pharynx, in tlie head, then*, is a. ])e.(,uiliar 
structure for which we liave as yet no Flnglish term. It was 
apparently discovered by Landois and l‘aiil Mayer,'^ and ha,s Im'cii 
called Wan^icnspiitze,” which we translate as syringes. It niii}' he 
briefly described as a chamber, into whicli tlm sal i va,ry <h lets o| K*n, 
prolonged in front to the neigh Tiourhood of the grooves of tiu*, 
setae in the rostrum; beliind, it is coriuected with niusch^s; 
it has no direct connection witli the pdiarynx, and though it was 
formerly supposed to l)e an organ of siicticxn, it s(*(,‘nis inon* ])ro])- 
ahle that it is of tlie nature of a force-|)Uinp, to proiuil the pro- 
ducts of some of the bug’s glands towards tluA tips of tlu^ setat*. 

The rostrum being extended from its position of re])ose, tlic 
tip of the sheath is brought into (‘ontacd with tin*, (.)l>Jt‘et to Ika 
pierced, the surface of which* is pro]>al)ly (‘,xa,niim*.d by moans of 
seiisitiTe hairs at the extremity of tin*, sheabli ; Ihesct t.hereforo 
functionally replace to some extent the jialpi of otlitn' I 
As a rule the sheath does not pHnio.trato (though ilanr. is reason 
for believing that in various of the animal-h dialing l)Ugs itdex^s 
so), hut the setae are brought into action for jiicrcing tlu^skin 
of the plant; tliey are extnnnely sharp, and tin*. oiUnr pair are 
usually barbed, so that when oikmj introdinuxl a. hold is easily 
maintained. This being establislied it is thought that sal i vary 

pump comes into play, and that a fluid is injectul intf) object 
pierced so as to give rise to irritation fjr c-ongestion, aud tIniH 
keep up a supply of fluid at the j>oiiit op(*ra,ted on : this fluid 
extends along tiie grooved setae by capillary atf-rartifui, and the 

F. eiU. soc,. IVashinytmt, iii. 185)5, p. 241, - EiU. iVarJrr. xxii. iHOfJ, p. I7‘l. 

* Zool. A HZ. 185)7, “No. 527, p. 7-‘{. 

^ Arch. Anal. PhifsioL 1874, p. IMS, a»d 1875, y. mil 
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rapidity of the current is increased by a pumping action of tlie 
pharynx, and possibly by movements of the setae theiiiselvc‘s. 
Though the setae are often extremely elongate — sometiiues sevei’al 
times the length of the body — they are nearly always slender, and 
there is no reason to suppose that a x^erfect, or air-tight, tube is 
formed ; hence it is probable that cax)illary attraction is reaJly 
tlie chief agent in the ingestion of the fuid. The slight diveivsity 
of structure of the Hemipterous trox)hi is in very striking con- 
trast with what we find in mandi]>ulate Insects, and in the less 
X-iurely suctorial Insects, such as Dix^tera and some divisions of 
Hymenoptera. Schiodte in com- 
menting on tills has suggested that 
it is proliably due to the small variety 
of actions the rostrum is put to.‘ 

The head exhibits great variety 
of form; in the Homoxitera ‘the 
front imvt is dehexed and inflexed, 
so tliat it is pl^^^-Cid on the under 
surface, and its anterior margin 
is directed backwards ; it is often 
peculiarly inflated ; in the Lantern- 
flies or Eulgoridae (Fig. 282) to an 
incomprehensible extmit. In the great 
Wat(ir-lmgs, Ifelostomidati, there is on 
tlie unde.r surfacii a deex) 
eacli anttmiifi, beautifully adax>ted to 
the sha])e of tlie curiously-formed ap- 
pendage (Fig. 279). The x)rothorax is 
always vtiiy distinct, fn^piently large, 
a,nd in many of the Heteroptera 
(Fig. 257), as well as in tlie Homop- 
tercviis family, M(unbracidae (Fig. 

283), assumes the most extraordinary 
shapes. Ihith meso- and meta-thorax are well develoxied. The 
i’oriuer is remarkalilc for the grciat size of the soutellum ; in 
some ('iis(^s (ITatasx)ides, Seutellerides) tliis forms a large 

^ For thii Htructure iind duvelupinent of the Tlemiptcrous troplii, nee Mayer, Arch. 
Anal. Physiol. 1874 and 1875 ; Mceznikow, Zeitschr. wins. ZooL xvL 1866, p. 889 ; 
{lr(dK(*,, Arch. iVfduryesch. xlix. 1, 1883, ]>. *315; Wedde, op. cit. li. 1, 1885, p. 118 ; 
Mark, Arch, oiikr. Awd. xiii. 1877, p. 81 : Smith, Tr, Avier. Phil. Aoc. xix. 1896, 

p- 176. 



Fio. 2T)7 . — l^accodcres imhamvlatufi 
dray. Brazil. (Fain. Reduviidae.) 
(Auterniae ahsent in tbe speeiinen 
reprtssented.) 
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that entirely covers and conceals the alar organs, so that the 
Insect has all the appearance of being apterous. The exact com- 
position of the abdomen has not been satisfactorily detennined, 
opinions varying as to whether the segments are nine, ten, or 
eleven in iiiiniber. The difficulty of determining the point 
is clue to two facts : viz. the extreme modification of the terminal 
segments in connection with the genital appendages, and the 
prominence of the extremity of the alimentary canal. If this 
terminal projection is to be treated as a segment, it would appear 
that eleven segments exist, at any rate in some cases ; as tlie 
writer lias counted ten distinct segments in a young Coreid ]:)ug, 
in addition to the terminal tube. This tube in some of tlie ma-](3 
Heteroptera is very subject to curious modifications, and lias 
been called the rectal cauda. Verhoeff considers that ten seg- 
ments were invariably present in the females examined ])y him 
in various families of Heteroptera and Hornoptera.^ In Aphidae 
(a division of Homoptera), Balbiani considers there are eleven 
abdominal segments present ; but he treats as a segment a pro- 
jection, called the cauda, situate over the anus ; this structure does 
not appear to he homologous with the rectal cauda we have just 
mentioned. In Coccidae the number of abdominal segments is 
ax^parently reduced. Schiodte states that tlie older authorities 
are correct in respect of the stigmata ; there are, lie says, in 
Heteroptera invariably ten pairs ; one for each thoracic segnumt ; 
and seven alxlominal, placed on the ventral face of the pleuiul 
fold of the abdomen. In some cases there are additional orifices 
on the external surface that have been taken for stigmata, though 
they are really orifices of odoriferous glands ; these opmiings may 
exist on the metasterna or on the dorsal surface of the aJxlomcii. 
The lateral margins of the abdomen are frequently greatly de- 
veloped in Heteroptera, and are called connexivum ; the uppcu* 
and lower surfaces of the body meeting together far within the 
marginal outline. Dr Anton Dohrn many years ago cailed atten- 
tion to the extremely remarkable structure of the terminal segnicmts 
in many male Hemiptera ; and the subject has been subsequently 
very imperfectly treated by the present writer and other ento- 
mologists, but it has never received the attention it deserves. 

Ent. KacJir. xix. 1893, j). 369. 

- Naturliist. Tiilskr. (3) vi. 1896; Iniiislated in Ann. X. Jlid. (4), vi, 1870, 
1’- 2*25. Ent. Zeit. xxyii. 1866, j>, 321. 
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111 the females of numerous Heteroptera and Homoptera 
(Capsidae, Cicadidae, etc.) there is a well-developed ovipositor, tliat 
serves both as a cutting instrument to make slits in the stems 
of plants, and as a director to introduce the eggs therein. Yerhoeff 
considers that it always consists of two pairs of processes ( thong] i 
one pair may be very small), one from the eighth abdominal 
segment, the other from the ninth. ^ 

The antennae usually have very few joints, often as few as 
four or five, their maximum number of about twenty -five being 
attained in the ‘males of some Goccidae, this condition being, 
however, present in but few of even this family. In Belostoma 
(Fig. 279) they assume extremely curious forms, analogous to 
wliat we find in the Coleopterous genus Ilydrojpliihis. In addi- 
tion to the compoimd eyes, there are usually ocelli, either two or 
three in number, but wanting in many cases. The usual number 
of joints of the tarsi is three, but in Goccidae there is only one 
joint. 

Tlie wings (Fig. 258) exhibit much diversity. The anterior 
pair usually differ greatly from the pos- 
terior ; they are called elytra, hemi-elytra 
or tegmina. This difference in the two 
pairs is the rule in the first of the great 
divisions of the Order, and the name 
Heteroptera, is derived from the fact. In 
this Bub-Ordtn- tlie front wings close over 
the ])ack, and are more or less horny, the 
a,pical pa,rt being, however, membranous. 

Systeanatists make use of tlie wings for 
the purpose of classification in Hcderop)- 
tera, and distinguish the following parts, 

“ elavus,” “ corium,” “ membrane,'’ the B 

eoi’ium lieing the larger horny division, Pig. 258.— Alar organs of <a 
the clavnH ti>e part lying next tin, sen- 

tidlum and fre(]iiently very sharyily dis- gIiwuh ; u, oorinm. ; c, 
tinguislied ii-om the coriurn ; the mem- ^ 

brane is tlie apical part. The outer tranc ; B, hind-wing, 

or costal part of the wing is also often 

sharply delimited, and is called the ''embolium;” in tlie great 
family Oapsidae and a few others, the outer apical ])a-rt of the 
^ iJ/iL N'achr. xix. p. 37.5. 
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corium is differentiated from the rest of the surface, and is termed 
the “ cnnens.’' In Plataspides, one of the divisions in which 
the alar organs are entirely covered by the scutellnm, they are 
modified in a very remarkable manner. In the Hornoptera the 
divisions named above do not exist, and the wings in repose are 
placed in a different position, as stated in our definition of the 
Order. It is said to be very difficult to honiologise tlie wirig- 
nerviires of Hemiptera, and nothing appears to be known as to 
the mode of their development. 

The alar organs in Hemiptera exhibit a very frer[iient form 
of variation within the limits of the same species ; this lias not 
yet been elucidated.^ In some cases in the Heteroptera nearly 
all the individuals of a generation may liave the wings aborted-; 
sometimes this occurs as a local variation. In Aphidae the 
occurrence of winged and wingless individuals is very common, 
and has even become an important factor in their extraordinary 
life cycles. (See ChefTiies, etc., subsecpiiently.) 

Internal anatomy.-: — The alimentary canal presents consider- 
able diversity and some remarkable features. There is a slender 
tuhe-like oesophagus and a large crop. It is difficult to assign 
any of the parts posterior to this to the divisions usual in 
other Insects, and it is said that the distinction of parts histo- 
logically is as vague as it is anatomically. In the Heteropt<Ta 
the Malpighian tubes open into two (or one) vesicular dilatations 
seated immediately in front of the short rectum : l>ct\veen tliis 
point and the crop there may he a very elongate, slender ])()rtion 
with one or more dilatations, these parts apparently replacing 
the true or cliylific stomach. There is no gizzard. In the 
Hornoptera the relations of the divisions of the alimentary ea-iial 
are even more puzzling; the canal is elongated and forms coils, 
and these axe connected with tissues and tunics so as to make 
their dissection extremely difficult, list says tlmt there ^ire 
great differences in the alimentary canal among tlie iriemlxn-s 
of the one family Coccidae. There are usually four Malpighian 
tabes, hut in Coccidae there is only one pair, and in Aphidae 
none. The excretory cells of these tubes are in Hemiptera of 
remarkably large size. There is a large development of Salivary 
glands, at least two pairs existing. There can be little doubt 
that some of their products are used for purposes of injection, as 
1 On tins subject, see Reuter, Ami. Soc. enL Fmnce (5} y. 1875, p. 225. 
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Jilrea,cly described, though Xllnckel came to the conclusion that 
the saliva wlien placed in living plants is totally innocuous.^ 

The ganglia of the nervous system are all concentrated in 
the thorax and liead. In some cases (in various Hoinoptera) the 
infra-oeso])liageal ganglion is placed at a distance from the siipra- 
oesopliageal ganglion, and may even be united with the thoracic 
mass of ganglia {Orthezia, etc.) ; in this case the chitinous frame- 
work of tlie mouth -parts is interposed between the supra- and 
tlie infra-oesophageid ganglia. In Fentatoma all the three gan- 
glionic masses are brought into close proximity, but in Nefa the 
thoracic mass of ganglia and the infra-oesophageal ganglion are 
widely separated. 

The ovarian tubes vary greatly in number : according to List 
in Orthezia micqihracta the number differs considerably in dif- 
ferent individuals, and even in the two ovaries of the same 
individual, the number being usually ten. The testes are not 
placed in a common tunic, though they are frequently approxi- 
mated or even contiguous.‘'^ 

The smell of bugs is notorious. In many species it is not 
unpleasant, though as a rule it is decidedly offensive. It is a 
remarkal)le fact that the structures connected with the production 
of tin's odour are different in many cases in the young and in 
the adult. Tlui odour emitted by the latter proceeds from a sac 
seated at the base of the abdomen, and opening exteriorly by 
means of an orifice on each side of the inetasternum ; while in 
the young there are two glands situated more dorsally and a 
little mor(‘, l)axdvwards, and opening on two of the dorsal plates 
of the ahdonum (Fig. 255, A).^ In the young the dorsiiin of the 
abdomen, wheix^ the stink-glands open, is exposed, hut tliis part 
in the adult is covered Ijy the wings. The odorific apparatus is 
specially characteristic of Heteroptera, and Kiinckel states that 
there is so much variety that generic and even specific characters 
might he drawn from conditions of the stink-glands. As a rule 
they are most constantly present in the plant-feeding forms ; in 
some essentially carnivorous forms (lieduviidae, Nepidae, Noto- 

^ Ann. cnt. France (4) vii. 1867, {). 45. 

" The chief work on tlie internal anatomy of Heiniptera is still Dufour’s Jle- 
cherchcB amifAtmiques ei jpUysivlogiques sur Us Hiinipteres^ Mem. Aavmis Ftrayyjers, ^ 
Fans, iv. 18:h3, p. 129. 

^ Kunckel, Ann. Aoc. ent. France (4) vii. 1867, p, 46, and C.ll. Ac. Fans, cxx. 
1895, p. 1002. 
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nectidae) tlie^ are entirely absent. Tlio otfeusive laadter emitted 
ty NotonecAd is of a different nature, ^ and is probaJjly aiuil in 
origin. 

Metamorphosis or postembryonic developmeiit.— Tn thc3 
language of the systematists of in.etamorx)hosis, Heiniptiau are 
said to be Homoniorpha Paiirometabola — thcat is, the young 
differ but little from the adult. According to Brauer's general- 
isations they are Menorhynchoiis, Oligoiiephroiis, rterygogeiiea, 
Le. they have a sucking moatli that does not change during lii(3, 
few Malpighian tubes, and are winged in the" adult state. It is 
generally admitted that the Homoptera do not completely a,gree 
with Heteroptera in respect of the nxetaniorphosis, it being 
more marked in the former, and in Coccidae attaining (as w(i 
shall mention when discussing that family) nearly if not fpiite 
the condition of complete metamorphosis of a peculiar kind. 
Unfortunately we are in almost complete ignorance as to the 
details of the life-histories and development of Heteroptiira, so 
that we- can form no generalised opinion as to wliat tlie post- 
emhryonic development really is in them, but there are< grountls 
for supposing that considerable changes take p)lace, and that 
these are chiefly concentrated on the last eedysis. Idic young of 
some hugs hear but. little resemblance to the adult ; the luagiiili- 
cently-eolonred species oi £ustlie%es (Pig. 255), before they attain 
the adult condition are flat, colourless objects, almost as thin as a 
playing-card ; it is well known that the extraordinary structures 
that cover and conceal the body in Plataspides, Sciitelle riders, 
Membracides, etc., are developed almost entirely at the last moult : 
it is not so well known that some of these changes occur witfi inucdi 
rapidity. A very interesting account of tlie processes of coloni*- 
change, as occurring in Poeeilocajpsus limatus at the last t3(3< lysis, 
has been given by Lintner,^ and from this it appears tliat the. 
characteristic coloration of the imago is entirely developed in 
the course of about two hours, forming a parallel in this xesptict 
with Odonata. Vhen we come to deal with Aphidae we sliull 
describe the most complex examples of cycles of generations that 
exist in the whole of the animal kingdom. 

Fossil Hemiptera. — Hemiptera are believed to have existed 
in the Palaeozoic epoch, but the fossils are nob numerous, and 
opinions differ concerning them. E'wgereon hocAdruji, a Ter- 
^ In Slingerland’s Cornell ITni'v, Bull No, 58, 1893, p. 222. 
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iiiian fossil, was formerly supposed to be a Hornopterous Insect, 
but it is very anomalous, and its claim to a position in ITemip- 
tera is denied by Brauer,^ who considers it to be Orthopterous. 
It is now generally recognised that this fossil recpiires complete 
reconsideration. Another Permian fossil, F-ulgorina, is adinitted 
to ]:)e Hornopterous by Scudder, Brauer and Brongniart. Scudder 
tliinks the Carboniferous Plitlianocoris was an Arcdiaic Hetero- 
pterous Insect, and if correct' this would demonstrate tliat both of 
the two great Sulr-Orders of Heiniptera existed in Palaeozoic times. 
Prauer, however, is inclined to refer this fossil to Hornoptera, and 
Brongniart " spe<a,ks of it as being without doubt a Pulgorid. 
l)'kPjocivmla^ lUhiiviiliojitc'm and Meganostoma, from the Carboni- 
ferous shales of Oommentry, have also been referred to Fulgoridae 
by Brongniart, but the evidence of their alliance with this gr'oup 
is far from satisfactory. In the Secondary epoch numerous 
Heiniptera existed, and are referred to several of tlie existing 
families. Tliey come chiefly from the Oolite. In the Eocene of 
tlie Isle of Wight a fossil has been discovered that is referred to 
the existing Hornopterous genus Triecpliom. 

We are not entitled to conclude more from these facts than 
tlial Hornoptera. proljably appeared before Heteroptera, and date 
].)ack as far as the Ca.r],)oniferous epoch. 

Classification and families. — No complete catalogue of 
Ihauiptiu'a exists, ljut one by M. Severin is in course of publica- 
tion. It is ]>rol)ahle that there are about 18,0 00 species at 
prcis(mt d(‘.s(‘ril)ed, two-thirds of this numlier being Heteroptera. 
Ill Ih’itain we have about 430 species of Heteroptera and GOO 
of Homoptera,. Blie classification of tlie Order is not in a very 
a.dvan('.ed condition. The following table exhibits the views of 
H(dii(){lte in a modified forni: — 

Front (»r heiKl not touching the coxao. I. HETKEOFrniix. 

Frcjut of head, much iiille.xed so as to he in contact with the coxae. 

II. Homoi^tera. 

Sub-Order I. Heteroptera. 

Posterior coxae nearly globose, partly embedded in cavities, and having 
a rotat{>ry movement. Mostly terrestrial forms. 1. Troehalopoda. 

PoBlerior c.oxae not globose, larger, and not embedded ; their articulation 
with stenmni almost hinge-like. Posterior aspect of liind femur usually 

1 HJL Ah\ U wn. xci. 1 Abth., 1885, p. 275. 
f.rs /nsecks /(miles, etc., 1894, p. 452. ^ Ann. JSlat, J/ist. (4) vi. 1870, p. 225. 
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more or less modified for the reception of the tibia when closed on it : mostly 
aquatic forms. 2. Pagiopoda. 

Division 1. Tkochalopoda. 

This division includes the majority of the families of Heteroptera — viz. 
the whole of the terrestrial families except Saldidae and the Acanthiae of 
Schiodte, and it also includes Nepidae, a family of water-bugs. 

Division 2. Pagiopoda. 

This includes the six purely aquatic families of Heteroptera, except 
Hepidae, which appear to have very little connection with the other aquatic 
bugs. The only terrestrial Insects included are the Saldidae and the 
Acanthiae ; in these the femora are not modified as they are in the aquatic 
forms. Hemiptera that live on the surface of water, not in the water, are 
classed with the terrestrial species. With these exceptions this arrange- 
ment agrees with that of Gymnocerata and Cryptocerata m usually 
adopted,! and therefore followed in the following pages. Schicidte’s 
characters, moreover, do not divide his two divisions at all sliarply. 

Sub-Order 11. Homoptera. 

Tarsi usually three-jointed . . Series Trimera. 

,, „ two-jointed . . ,, Dimera. 

„ „ of one joint . . ,, Monomera. 

The classification of Homoptera is in a most unsatisfactory state ; - no two 
authors are agreed as to the families to be adopted in the series Trimera. 
We have recognised only five — viz. Gicadidae, ‘ Pulgoridae, Aleinhracidae, 
Cercopidae, and Jassidae. The Dimera consists of Psyllidae, Aphidae, 
Aleurodidae ; and the Monomera of Coccidae only. It is usual to associate the 
Dimera and Monomera together under the name of either Phytoidithires or 
Sternorhyncha, but no satisfactory definition can be given of these larger 
groups, thougli it seems probable that the families of which they are com- 
posed are natural and distinct. 

Sub-Order I. Heteroptera. 

Series 1. Gymnocerata. 

The majority of the terrestrial families of Heteroptera form 
the series Gymnocerata, in which the antennae are conspicuous, 
and can be moved about freely in front of the head, wliile in 

! A table of the families is given by Asbmead, but docs not work out quite 
satisfactorily, Untom. A^nericana, iv. 1888, p. G5 ; a brief table of the ediaracter.s 
of the British, families is given by Saunders, IIemi 2 )tera-JIeteroptera of the British 
Islands, 1892, p. 12. 

- Those who wish to see tables of the families are referred to Ashmead, loc. 
cit. ; to Pascoe, Ann. Nat. Hist. (5) ix. 1882, p. 424 ; to Still’s He'nivptera Afri- 
cana, vol. iv. 1866 ; and for the families found in Britain to Edwards, Ilemiptera- 
Homoptera of the British Islands. Por a discussion in Danish on the value of the 
characters used, cf. Hansen, Unt. Tidskr. xi. 1890, pp. 19-76. 
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Gryptocerata they are hidden. The series Gymnocerata includes 
all the terrestrial Heteroptera, and the two families, Hebridae 
and Hydrometridae, which live on the surface of the water or in 
very damp places ; while Gryptocerata includes all the foriiis that 
live under water. 

Fam. 1. Pentatomidae. — Scutelhcm 'very larger at lead ludf 
as long us the ahdomerbj often covering the lohole of the after-hody 
and alar a]Q]oendages. Antennae often five-jointed. JProboscis- 
sheath four - jointed. Ocelli hvo. Each tarsal claw with an 
appendage . — This, the largest and most important family of the 
Heteroptera, includes upwards of 4000 species, and an immense 
variety of forms. It is divided into no less than fourteen sub- 
families. The species of one of these, Plataspides, are remarkable 
for their short, broad forms, and the peculiar condition of the 
alar organs, whieli are so completely 
concealed by the great scutellurn that 
it is dilficiilt to believe the Insects are 
not entirely apterous. The head is usually 
inconspicuous though broad, but in a 
lew Ibrms it is armed with horns. 

Though this sub-family includes upwards 
of 200 species, and is very widely dis- 
tributed in the Old World, it has no 
representatives in America. The KScutel- 
lerides also luive tlui l)ody covered by 
the seutelluin, hnt their organs of flight 
are less peculiar than they are in the 
Plataspides ; the Insects of this suh- 
family are highly remarkable on account 
of their varied and frequently vivid coloration; some of them 
are nuitaHic, and the (colour of their, integuments differs greatly 
in some cases, according to whether the specimen is wet or 
dry ; hence the app(uirfince after death is often very different 
from that of the living specimen. These Insects, are extremely 
nunKirous in specicivS. Tlie sub-family Pliloeides (Fig. 259), on 
the contrary, includes only three or four South American 
species : they have no resemblance at all to other I’entatomidae ; 
they are Hat, about an inch long, and look like scales of bark, 
in tliis re,spect agreeing with Ledra and some other Hornoptera. 
The South American sub-family Cyrtocorides (Fig. 200) is of 
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frequently have a couspicuoiis disc, or dilatation, oil one of the 
joints of the antennae. Another very curious and, as yet, inex- 
plicable peculiarity very commonly met with aiuong t'Jiein, is 
tliat the hind legs may he of great size and deformed; either the 
femora or the tibiae, or both, being very much distorted or 
armed with projections. Brilliant colour is here comparatively 
rare, the general tone being indefinite tints of browns, greys, or 
smoky colours. The South American genus Holymenia (Co2n‘ii8 



Fnj. 201. Uiiu'fnr hi/inedtim, Fiu. 2()2 . — Pliylhworphaladmiitaj carry- 

South AtiKjrioa. ‘ iiif? Nonui of its eggs. Spain. 


of older atitliors) consists of slender forms, liaving tlie elytiu 
transparent <^v(m on tlui basal part like Honioptera ; tliis and 
some other p(iciiliarities give the species of this genus a certain 
rcsemhlancej tej Insticts of other Orders ; Westwood says that 
JKateimi holymeymyiAU^ (iJiptera) greatly reseinhles a bug of the 
genus JMyriumcL Tire tropical American genus IHaetof consists 
(jf a few species of cdegaiit colour having the hind legs very 
peculiarly sliap)ed, the tibiaci lieing flattened and expanded in a 
sail-like manner, and urnaineiited with agreeable colours different 
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from those on the rest of the body ; they are made more con- 
spicuous by the femora being remai-kably long and thin ; it is 
probable that they are used as ornaments. The sub -family 
Phyllomorphides consists of about a dozen species, and is found 
in several of the western parts of the Eastern liemisphere, one 
species, F, ladniata, occurring in Southern Europe. This Insect is 
of very delicate texture, and the sides of tlie body are directed 
upwards and deeply divided so that a sort of basin is formed, of 
which the dorsum of the body is the lioor ; the Insect is very 
spinose, and is thus enabled to carry its eggs, the spines heljung 
to retain them in position on tlie back. It is said to l)e the male 
that thus carries the eggs. This species is able to stridulate, 
and when doing so vilu'ates its antennae witli. excessive rapidity. 
We have only about a score of species of Coreiclae in Britain, 
and none of the remarkable forms of the family are among them. 

Fam. 3. Berytidae. — Very slemUr Trisects ivith the Jirst 
joint of the antennae and the femora thickened at the tips . — 
This small family was not distinguished from Coreidae by tlie 
older authors. It consists of about fifty species, eight of which 
are found in Britain. 

Fam. 4. Lygaeidae. — The characters are the same as those 
mentioned for Coreidae, except as regards the insertion of the 
amtennae ; the upper surface or face of the head is not so flat, Imt 
is transversely convex, so that seen in profile the antennas appear 

to he inserted well down on the sides of the head.- The name 

Infericornia was formerly applied to these Insects. They 
are on the average of smaller size tliaii the meml)ers of the 
Coreidae or Peiitatomidae, and are much less conspicuous in colour 
and form; a good many of the larger Bygaeids arc, however, 
variegate with black, yellow, and red The fiimily is very numerous 
in species, about 1400 being known; they are arranged in 
thirteen subfamilies; we have about sixty species in Britain, 
nearly all small. Eremocoris lives, when immature, in tlie nests 
of the wood-ant, according to Wasmaiui. The family includes 
some notorious Insect-pests. The Chinch -hug, Missus leuco- 
pterus, commits very serious ravages on corn and grasses in North 
America. The Cotton-stairier, Dysdercus suturellus (Pyrrhocoridae), 
is injurious to cotton in certain parts of the New World : its growth 
has been described by Riley, ^ who thinks a dye valuable for 
^ Insect Life, i. 1889, p. 234. 
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coininercial purposes j night be procured from the Insect. This 
bug has recently developed the habit of sucking oranges, and has 
thus become injurious in Florida, as the fruit readily decays 
after it has been punctured by these Insects. The plienomenon 
of “ micropterisin ” is exhibited by numerous Lygaeids, as well as 
by Pyrrhocoridae. 

Fam. 5. Pyrrhocoridae. — Distingimhed from Lygaeiclae only 
hy the absence of ocelli, and not recognised as a distinct family 
l)y all Heniipterists. About 300 species are included. Our 
only British member is the notorious Fyrrhocoris ay term ; it is, 
however, very rare in this country, though it abounds on the 
(Jontinent, and has been the object of investigation by embryo- 
logists and others. It displaysAii a most marked manner the 
curious dimorphism as to the alar organs that is so common in 
certain divisions of Hemiptera ; the elytra and wings being some- 
times normally developed, while in other cases the wings are 
entirely absent, and the horny, basal part of the elytra only is 
present. In some localities, and in some years, only the micro- 
]>ter()us form is found, while on other occasions thei’e may be a 
large per(ieuta,ge of the macropterous form. The abundance of 
this Ins(ict has enabled tlie French chemist Physalix to obtain 
an amount of its colouring matter sufficient for analysis ; as 
tlie result he procured a substance, insoluble in water, very 
closely allied to carotiimd The Oriental Insect ZoMta grandisis 
one of the most remarkable of Bugs, the male of the Sitmatran 
variety being over two inches in length, having enormously long 
antennae, and the abdomen extended to about twice tlie normal 
hmgth, while the other sex is in the usual condition in these 
ntspects. The sj)e(des is said to he injurious to the cotton-plant 
in India. 

Fam. 6. Tingidae.— two-jointed. Fly tree more or less 
reZic'idate, consisting (f strong /irregidarr, thick lines forming a frame-^ 
work of cells, the emlosed pa/rt of the cell being of different textnre 
and frequemlly tramsyarent ; antennae with terminal joint more ov* 
less knob-like, the qwecedhig joint very long ; ocelli wanting ; pro- 
no hiM prolonged hehirid, covering the scutellum; front coxae pdaced at 
the back of the thorax. — This is the first of a series of families 
with only two joints to the feet. These little bugs are very 
remarkable objects, and exhil)it much variety in their peculiar 
* C.Il Ac. Hc'i. Paris, cxviii. 1894, ]». 1282. 
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sculpture^ wliicli in numerous forms <‘ittaiiis n coiulitiou of 
elegance ^vell worthy of attention, 'fhere are nearly oOO species 
known, and in Britain we IjcU'e about a score. The characters 
we have given above do not apply to the germs PiesQiia, though 

it is usually placed in 
this fhniilj ; its sciitel- 
liini is not covered, and 
ocelli are present. Al- 
though but little is 
known as to tlie nature 
of the lives cjf Tingidae, 
yet it was pointed out 
long ago hy Eeaiiniur 
that a species of the 
family (probahly 0. clem- 
c 07^716, Fig. 26l>), lives in 



Pig. 263 . Europe. deformations of tlie 
(After Biibsaameii.) 

flowers of the Labiate 
plant now called Te'twn um cJuvDiaeirys ; Franenfeld lias more 
recently confirmed this observation, and shown that thecdosely allied 
C. teiccrii affects the flowers of T. ^iiontcmurn in a similar maniK‘r.^ 


Fam. 7. Aradidae. — Very flat, broad; smtellum e^'jwsed, 
large O'r modmite ; abclcymeii broader than the alar orrjcms, which it 
freciwently encases like a broad frcme. Fro7it coxae ^placed m the 
Middle oj tlieyfrostermmh — These very flat Insects, of obscure colour, 
have frequently very peculiar sculpture. They live under bark, or 
on fungi growing from bark, and 
are supposed to draw their nut- 
riment from the fungi, though 
but little is actually known as 
to their natural history. The 
family is almost cosmopolitan, 
and includes about 300 species, 
of which five occur in Eng- 
land. The small sub- family 
Isoderminae consists of a few 
species that are placed only 
provisionally in Aradidae; they Siam, 

differ from the normal members by there being no groove on the 



^ VcrA. (xcs. Wic7i, iii. 1858, p. 157, 
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breast, so that the rostriiin is free. Of the five species, three 
occur in Chili and Patagonia, two in Tasmania, and one in 
Australia. 

Fam. 8. Hebridae. — Minute Imgs, of semiaquatic halits, 
clothed beneath witJb a dense, onimUe, silvery indjcscence ; aiUennae 
five-jointed ; leys of 710 1 7 riOTe them average le-ngth ; elytra, in larger 
qmrt vnembranous. — This small family consists altogetlier of only 
about a dozen species ; we have two species of the genus Ifelmis 
in Britain ; they are usually found in very wet moss. 

Fam. 9. Hydrometridae. — ForTw very diverse ; anteimae 
four-joiiifedj tarsi tiro-jointed, Gorae usually widely sejparated. 
Either wingless or with elytra, of one texture tJi/roughoid, haring 
no niemhranous pari. Under surf are with a minute velvet -lihe 
puheseenee. In wany forms the legs are of great length. — Although 

of comparatively small extent — scarcely 200 species being at 
present known — this family is of great 
interest fr(.)iu th(3 habit possessed by its 
members of living on the surface of 
water. In tln^ case of the notorious 
genus indobates (Fig, 265) the Trisects 
(ian evmi successfully defy tlie terrors 
of IsTejitune and live on the ocean 
many hundreds of miles from land. 

There is great varicity of form among 
1 lydrornetri dac\ The Euroiiean and 

British genus Mesovelia is of short 
form, and but little dissimilar from 
ordinary land-lnigs, with which, indeed, 
it is connected hy means of the genus 
llebruH, already notieed. Mesovelicc 
represents the sub-family Mesoveliides, 
which, though consisting of only four 
s]) 0 <'ieH, oc'curs in both hemispheres, and 
in the tro])ics as well as in the tern- 
perat(‘. riigions. Our species, M. furerita, 
walks on the surface of the water, the 
mov<jm(uits of its legs and the posi- 
tion of its coxae being those of land -bugs. Another British 

Insect— the highly remarkable Ilydrornetrci stagTiormn—w of 
excessively slender form, with long thin legs, by aid of which it 



Vv}. 26.'). IJalohatvH Hohrmn.s. 
Under surfa<to of a female 
carrying eggs. Facdlic Ocean 
(Marfjuesas). 
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walks on the surface-film of water, a].)Ove whicli its Ixxly is litikl 
well separated. It is easily drowned, and it: su])iiierg‘e(l it, has 
great difficulty in escaping from the wafer. This g(unis nqa’!*- 
sents the sub-family Hydrometrides, and is apparently almost 
cosmopolitan. - Velia curreyus is another common Ilritish Inst'ot ; 
it loves the eddies and currents of bacikwatm’s on burns and 
streams^ and is very abundant in Scotland. An AiiKn-icaai ally, 
Bhagovelia appears to be not uncommon on the surtaci*. 

of the ocean in the Gulf of Mexico, near tin*, shores. Tin* gnatt 
majority of the family belong to the division G(n;rid(‘S, ot which 
the curious, long Insects that fioa,t so lazily a.iid skim so easily 
on the surhice of quiet streams are typical The species of tht^ 
genus now called Gerris, but formerly known as Jfj/dnnnrf.rft. a, re 
apparently distributed all over the world ; we have t(m in 
Britain. They have very long legs, and on ])eing alarmed inovt*. 
away with the greatest ease. 

The genus Ilalohates includes at present fiftecni s]>(!('ies. They 
are found on the ocean, wliere the surface-wat(?r is warm, in 
various parts of the world. They are destitute of any tracer of 
alar organs, the meso- and meta-thorax art*, closely united and 
large, while the abdomen is very smaJl, so that th(i body is 
oval form ; the middle legs are thrown so far baedv that they ai’i* 
placed immediately over the posterior pair. Whmi the sea is 
calm these Insects skim over the surface with ra])idity, Imt 
disappear as soon as it becomes agitated. They a,r(^ lielitnaMl to 
feed on small animals recently decea-sed ; Witluf'zil says (m 
the juices of jelly-fish. The young are frequently nitdi with, 
and there can be no doubt that the wiiole liheeychj may he 
passed through by the Insect far away from land. The Italian 
ship Vetto?' Pisani met with a birds feather floafing on tint 
ocean off the Galapagos Islands, covered with (iggs which pnnatd 
to be those of HalobcUes in an advanced stage of clevdnpmmii. 
It was formerly believed that the femahi carries the eggs for 
some time after their exclusion, and although this has sinaj 
been denied, it is nevertheless an undoul)ted fact, for it was 
observed by Mr. J. J. Walker,^ to whom we are indebted for 
a specimen having the eggs still attached to the body, as shown 
in Fig 265. Mr. Walker believes the bugs shelter tlienmelveB 
when the sea is at all rough by keeping at a sufficient distance 
^ EnL Mag, .x.xix. 189iJ, r. ‘227. 
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below the surface ; they can dive with facility, and are gregarious. 
They are frequently found close to the shore, and Mr. Walker 
has even met with them on land. The stink-glaiids of other 
Hemiptera are said 
by I^^’assonoff to be 
replaced in Ilalohates 
by peculiar ventral 
glands. An allied 
gen us, H alol) a t o d e s, 
was supposed to be 
oceanic, ])ut this is 
not the case, some of 
the species having 
been found recently in 
fresh water in India, 
and others in estu- 
aries at Port Darwin. 

A remarkable allied 
form, He r in a t o h a t e h 
iiaddoni, was recently 
(liscovered hy Ih’o- 
fessor Haddon in 
Torres Straits. Apart 
from tlie oceanic life, 

JlalohcUei^ is by no 
means the most ex- 
traordinary of the 
Ily dr ometrid ati. T h e 

r J avariese Ftilonwra 
I ai/icaudfi i a r e j)eats 

some of its peculi- 
arities, and is of larger size, with the sexes very different. The 
most remarkable of the family is perhaps the fresh-water genus 
lihe/mnatohiites (Fig. 266), in which the males have peculiar 
prehensile antennae that look like legs. These curious Insects 
inhabit ISTorth America and the West Indies. 

We may here notice an enigmatic Insect called Ilemidijptera 
haeckeli by Ldon. From the single specimen known it is con- 
cluded that the Insect has only one pair of wings, and that they 
are attached to the iixetathorax. It is, however, possible, as 



Fig. 26*6 . — lihcMincitohates berc/rotM, x 10. 
West Indies. (After Meiiiert.) 
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suggested ])v 

Burgrutli,’ tlial, t.lni auk'rior 

]);iir liji 

V(‘ Ik'CH 

detached by some accident. 



Fam. 10. 

Henicocephalidae. — FFead sw 

olkn hrJ/\ 

i/id flic 

eyes so as to 

fovNi a sort of ylot)r, on the 

mitprior 

'part of 

which the oect 

Ui a. re 2^laocd. Jiostyrmn entre/m 

rhj s lio rL 

Mi/ira 


rather larr/e, of ohai consiMmoe tlrro'i/ffhont, ; rev/inl . — 

There is only one genus; it is very widely distributed, Jiljoiit a 
dozen species being Iviiowii ; one of these occurs in th{‘ south ol* 
Europe. These curious little ]>ugs appear to Ije most iKiarlj 
allied to the Rednviidae. According to Westwood aud otluirs 
they ax^e somewhat gregarious; a. Tasmanian sp<.‘,cies dances in 
the air after tlie fashion of niidg'cs or May-tlies, and dispcmses an 
agreeable, musk-like odour. 

Fam. 11. Phymatidae. — Front ler/s of prenfiar .s(nrrf/urr, .nhoTf. 
cmd, stout, with Iouaj came, short ihirJ: Jr in ora, irn/l lilnff.r runrute^ 
pointed ; freqttcoith/ '10 tnrsi. — The Insects of tliis lajiiily are 



Pia, 267. — Cr/rciiiororis hlnyhmii (Phyinaiidac,). liiirnuu 


believed to he predaceous, the structure of the. legs l.)eJng siudi as 
is called raptorial and one species, rhfmaln enmi, being known 
to capture and suck honey-bees' in North Ameri(*a. Thcire are 
only about seventy species of Pliyinatidae known. We have 

^ irieti; (Alt. Zeif, xi. 1892, p. 16{). 
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noiiv. ill I>ritaiu, though there, are a h‘W in Southern Europe; 
one, of those, I\ rrassiprs, extends as far nortli as Paris. The 
distiuetioii of the family from Eediiviidae is doubtful.' There 
are a few very rare forms (Fig. 2G7) in which tlie front tibia is 
a.rticulated to the femur in 
such a way that a pair of 
] )i 111 'ers is formed : tlie tarsus 
is in this form, as well as 
in some other Phyrnatidae, 
a.hseait. 

Fam. 12. Reduviidae. 

-Head more or less eUm- 

i/ate, rery 7novahle, eyes placed 
//i nch m front of the thorax, 
ocelli, v'hen present, hcMnd 
tlix eyes. Proboscis short, or 
//Knle/r/My short, not ex- 
tendl/Kj on to the brea.st, i/n 
repose car red< v.nder the hxad 
so as to fort/h ei loop there- 
■//'ifh. .Elytra,, when pyresent, 
ro/isisti /Iff of three dinsw 
Tarsi threepoi/ited. — Tiiis is 
one of tlie largest and most 
ini])or{u.nt families of Hemi- 
ptora. Upwards of 2000 
species are already known ; 
ih(‘ hah its seem to he ch icily 
of a prialaceous nature, tin* 

( ' ri %' it u res dn i w i n g th ei r 

imtrimimt from the animal 
ratlier than i’rom the vi^ge- 
tiihli* kingdom, and tludr 
(liief pr(‘y being in all 
prohahility other kimls of 
liiHet'ts. There is, perhaps, 
no family of Insects exhibit- 
ing a griiater variety of form and (siloiir. The Emesids are amongst 
the most delicat (3 of Insects, equalling in this respect tlie daddy- 
* Mtoimj/'ieph af Thy inatidue : Haiuilirm't, Ami, Jlofmis. W'kn, xii. 1897, p. 1-^7. 



Fig. ‘J 08 . — (Jhiliandla Mrinytitriii. Brazil. A, 
the female Insect. B, extremity of the body 
of the male. 



long-log thoy are, however, highly predaceoius ; their front 

logs ar(i]:xuuilia,rlj ibriiKxl for capturing and holding their prey, and 
Iiav(‘, l< )iig (M)XMe, like Atantls, so that these Insects are cornmoiily 
inistakciu for sinall or young Maritises, from which tlieir siukiiig 
])ro]}c>scis n,t oucte clistirigiiishes them. This curious starved-look- 
ing fonn of Ijiig reaches its maximum of peculiarity in the Soiitli 

American genus Ghili- 
andiii (Fig. 2G8). Ac- 
('ordiiig to I^Lseoe tlie 
linear form cnal)les blioi 
young larva to be carried 
al)Oiit by th(^ mother, 
the long sleadoir alido- 
men of the larva being 
curled around the 
tlioiaix of the parent. 
M()iiiTm from 

'Woodlark' Island, is 
an Insect of <vxcessiv(i 
fragility ami elegance, 
with the long thin hg's 
coloured witlr alternate 
patc]u‘-s of Ijlack on a 
white ground, giving 
rise to a very curious 
appearance reinarkahl y 
analogous to wliat we 
find ill some of the 
e(|ually delicate daddy- 
long-leg flies. 

We have throe species of Ernesides in Eritain, but most of our 
Eediiviidae hedong to the sub-farnily Nabides. These approxi- 
mate to ordinary bugs in appearance and characters more tlmn 
Jo any otlier of the Reduviidae. One of our indigenous IT abides 
is of great interest from the curious resemblance it has to an ant 
(.Fig, 269). The likeness is brought about by the sides of the 
base of the abdomen being very pallid in colour, except a dark 
mark in the middle ; this mark is in shape like the pedicel of an 
ant. Tiewed in pirofile it is found that on the base of the abdo- 
men there is an elevation like the scale ” in this position in 



Fro. 2fM). -AVt/z/.v 

A., liiHC.c.t .setMi rroiii ubov<* ; B, prolili*. 
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ants, and that the abdomen is extremely ant-like in form. This 
resemblance is quite parallel with that of an Orthopteron to an 
ant (see Vol. Y. p. 323) ; the Insect is by no means Tincommon, 
and it is strange that tliis curious case 
of resemblance should hitherto have 
escaped notice. The bug runs about on 
])lants and flowers, and is frequently in 
company witli ants, luit we do not know 
whether it preys on tliein. Hot the 


F’ki. 270 . — PtiJacnemus minims. 
Australia. (After Mayr.) 

least remarkable of the 
facts connected with 
tliis Insect is that the 
rese ml dance is confined 
to the earlier iustars ; 
the adult bug not being 
like a,u ant. We may 
luo'c mention that there 
are numerous bugs that 
closely resemlile ants, 
and tliat on the whole 
there is reason to be- 
lieve that the resem- 
bling forms are actually 
associated during life, 
tliough we really know 
very little as to this last 
point. 

The little sub-family 
Iloloptilides, with 
twenty-five species, but 
Yw, ohiiia, widely distributed in 

the Eastern hemisphere, is remarkable on account of the feathered 
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lUlieniiru*. aiul k*gs oi' its nieinkers (Fi^^ 270). Aik i^'ct.h(‘r four- 
t<u‘u suli-fauiiilicjs aru ivc( »gni.sod, tlie niosL <‘xUuisivu oio*, Imuh;;' 

I liirpactoridi'.s, {i. grea.t vuirio.Ly of rcuiinrkaJdo lorms; in 

Soiilli AiiKak'.Jiu <i;eTius iVoheyrlfiH (Indita’ Ftiowu, a,s 
Fig. 2r)Tktli(^ prothorax is swollon uiid ('ovors tlu* body to a 

gr<^a,kir or loss oxUaif in th(5 iasliioii of’ a, liocxL In ]A//;///.s* 

a,nd, Jk/hjrH tlio coloration is tlie most coiisiucaoiis sysltun t hat 
could bo devised, th(‘. sides of the a,l)doiiu‘ii (couik^x ivumj l)(*in[( 
cx]>anid(i(l into brif^ht-rec 1 IoIhas oii wliioli arc jdacu'd ]Ki.iclH*s 
of poIiHli(‘d -Idatdv. Fla* niost rcinarkakb' lonii oi ItMluviid 

is, p(‘.rluips, olio from (lliiiia (Ki^’. 271) <d’ ctaisidcn'al )1<‘. si/.o, 
of groat fragility, and griuitly I'cse.nild iug, likt^ some .Kniesid(*s, 
ii daddy-long-legs (ly, though it <loim not ladoiig to tb(‘ Eiikus- 
id(‘K. [t is an fdt(>g(‘tlitn* aaioiiialous iorni. Ac'cordiiig to 
Sedt;^ thoro! is found on the (loreovudn in Ihndl n, Rialuviid 

that (^.xaetly ros(*inbl(*s oiu* of the 
‘ ^ <hirk stingiug-\vas])B of tine genus 

/Vp,s*/.s‘, and tdie, hug inul<(*s ilut smu(* 
sort of* niovoJiient^H as the wasp does, 
^ though tiu'.sc are*, of a. kind quiti* 
iliflemit frfun thosi^ of ( aulinary luigsd 

yy^’-^rr^ Although tin* Mttaa'ks of Redu- 

i ^ ' i viidae. on aniinalH are usually coli- 
cs siuall(‘r and inoiv 

fnisiif. “Till*, UN* jiiiacluMi didiUK'idesH kiiidtS, y(*t this is.hj no 

to n liuf and to i*auh oilit-r V a uH^aus invariiiblv" llic cusi* ; then* 
vi.snid Kubstuiico ; r<‘d, tlu* • i i 

coviT pala yidioAv, witli tlia aiuU an*, in (liet nunHU*nus spci'Kw tliut do 

F'F Cr aut li(*sitate to at-taek man hiiiiKtdf. 

Several species of Jirifiirf.a.i do this 

ill Southern Europe., and are fre<[U(*utly nie-t wit h in Ihuisiih. Ji 

/iers(in(dm is tlu^ only Hpecies of the genus in Kiigland ; though 

far from eoninioii anywhere, it is soiue.tinu'H found in liouw^s, mid 

is said to destroy the eoiumou hecHuig; it is ahli*. to pass its 

whole ex isteiiee ill ()iir halututioiis, for the young are, found hh 

frecpauit/ly a,H tlu^ adult, and une iisnally c‘oii('4Uik*{l liy a fpiaiitity 

of dusty matter, or ndime, adlieriitg to the liody, ThiH liiihit of' 

covering the body vvitli some foreign Hulistantas is natural to the 

fnsect, the young that are found on tn^es being covered with 

matter deriveed thertdroni. l>arwin lias given us an account of 

^ I'M. ZHL main, li, 1S9U, p. 281- 
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antennae and legs of its members (Fig. 270). Altogether four- 
teen sub-families are recognised, the most extensive one being 
Harpactorides, including a great variety of remarkable forms ; in 
the South American genus Notocyrtus (better known as Semeo doves, 
Fig. 257), the prothorax is swollen and covers the body to a 
m’eater or less extent in the fashion of a hood. In Yolimts 

o 

and Eulyes the coloration is the most conspicuous system that 
could be devised, the sides of the abdomen (connexivum) being 
expanded into bright -red lol)es on which are placed patches 
of polished -black. The most remarkable form of Eeduviid 
is, perhaps, one from Oliiiia (Fig. 271) of considerable size, 
of great fragility, and greatly reseiiilding, like some Emesides, 
a daddy-long-legs fly, though it does not belong to the Emes- 
ides. It is an altogether anomalous form. According to 
Seitz there is found on the Corcovado in Erazil a Keduviid 

that exactly resembles one of the 
dark stinging- wasps of the genus 
Fe^wls, and the l>ng makes the same 
sort of movements as the wasp does, 
though these are of a kind quite 
different from those of ordinary bugs.^ 
Although the attacks of Iledu- 
yiidae on animals arc*, usually con- 
fined to the smaller and more 

kmis, -The eggs are attached defenceless kinds, yet tins is. by no 

to a leaf and to each other hy a invariably the case ; there 

viscid substance ; egg.s red, the • n j • i 

cover pale yellow, with the diil) Hi lact iniinerOUS spcCieS that Clo 

wiMe at the tip.”-MS. note of hesitate to attack iiiim himself. 
E. B. Green. 

Several species of Ikdmins do this 
in Southern Europe, and are frequently met with in bouses. F. 
2 )eTsonatus is the only species of the genus in Eiighmd; though 
far from common aiiywhei-e, it in sometimes found in liouses, and 
is said to destroy the common bed-hiig; it is able to pass its 
whole existence in our habitations, for the young are found as 
frequently as the adult, and are usually concealed ])y a quantity 
of dusty matter, or refuse, adhering to tlie l)ody. Tins habit of 
covering the body with some foreign substance is natural to the 
Insect, the young that are found on trees being covered with 
matter derived therefrom. Darwin has given us an account of 
^ Bill. Zeit, Btettin, li. 1890, p. 281. 
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the Beiicliuclia,^ a bug an inch long, which in South America 
attacks human beings after ilie fashion of the common lied-bug. 
In this ca,se no ill-effects follow tlie attack, l)ut in tlie case of 
Co7iorhimis mmguim.ga in Arizona, great pain and inlianimation 
ensue and may end in the gathering and disclmrgo of pus. 

Not the least remarkable of characters of lliAluviuliui is tht‘. 
form of the eggs of some of the species (Fig. 272, and Yol. Y. 
Fig. 78, C) ; the egg bearing a peculiar operculum, the purpose of 
which is at present (juite mysterious. 

Fam. 13. Aepophilidae. — A single species forms this family. 
It is of considerable interest, as it is incapable of flight, passing a 
large jiart of its life covered by the sea. Acgny^liilu^ honnairei 
is (I small hisect loitlo quite, short head, wirtlunit ocelli, and with 
the organs of flight regereseMtcd hy a gialr of very short elytra, 
with ro%md,ed hmd-margi'tis. It is found on the shores of 
Western France, and, as a great rarity, on gyir own soutli coast. 
It no doubt sucks small soft animals. In the Channel Islands 
it occurs in spots where it is nearly always covered by a con- 
siderable de,pth of water. 

Fam. 14. Ceratocombidae. — Minute lugs 'with ocelli and 
elytra,. Rostrum free. Head ')io,t broad, somewhat frolon.ged in 
front ; eyes close to the thorax. Mytra usucdly without n dis- 
tinctly scjiauuUed 'memhrane. Tarsi ihree-jovnted. — This family 
includes at pn^seut only a few, minute, fragile bugs, that have 
oltmi been classified with (Jimicidae or Anthocoridae. We have 
only two Britisli species, one of which, JJiqnsocoris alienus, is 
common amongst the damp shingle at the margins of the hums 
and waters of Scotland. 

Fam. 15. Cimicidae. — Oeelli alsent ; elytra ve/ry short and 
broad, so that the broa-d alulomeai is left unmvered. Head short 
amd broad. Rostrvvi received in a groove beneath the head. Tarsi 
tkreefiomted ,. — Althougli this lamily consists of only a dozen 
sj)ecies, it is tlui most notorious of all the Order, as it includes 
the detesta])h‘, Cvtriex lecl/idari'u.s or cijiumon Bed-bug. This Insect 
is now peevdiar to tlie hahitatioiiB of man, and is said not to 
troubh^ savage races ; or rather it is supposed to be present only 
when the halutations have a certain degree of comfort and per- 
manenci*. It has no fixed period of the year for its development, 
but tiie generations succeed one anotlier so long as the temperature 
^ A' at'imilist. H Voyayc, cd. 188-1, p. 830 ; chap. xv. 
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is STifS.cientl 7 elevated ; during too cold weatlier the lusciots 
merely become stupefied, their lives being as it were interrupted 
till warmth returns. It is a favourite food with other Insects, 
and is destroyed by cockroaches and ants as well as l:)y Iledumm ; 
the small black ant Mcmomoriu'iin will, it is said, clear a Iionse of tlu^ 
bed-bng in a few days. Nothing is really known as to the origin 
of this Insect; it is now very widely distributed. The otlun* 
species of the family frequent birds and bats, and ai-e vmy 
similar to the common bug. The genus to which the becl-liiig 
belongs is in many works called AamtJda instcfid of Uimrj\ 
Other authors apply the term Amnihia to S^alda, bat it is better 
to allow the name Aamtkia to fall into disuse. 

ram. 16. Anthocoridae. — Miwute hugs, usucdlg udth oceUi 
arid with elytra; tlu latter oocuisiomdly cdihrematecl, hut 'Ksia/lly 
Jidly developed, witlo 'Uier/ilr emotes tip. JTead prolonged in the 
middle in front triuc^ ieyond the insertion of the anteMnue ; eyes 
not far from the thorax. Jdostrwtri free.- — These sniall and oljscure 
Insects appear to l)e rather numerous in species, and to Ije chiefly 

Some of the spedos live 
in ants’ nests. We have 27 
Bri tisl 1 species 1 lelo ngi n g 
to 11 genera. Al)Out 200 
species of the family a, re 
known. The inenibBrs of 
the sub-fiimil y Mi cropl iy~ 
sides are reinark{i]>I(i from 
the great dissimilarity of 
the sexes, for whidi it is 
not p<JBsil.)lo to assign any 
reason. 

Fana. 17. Polyctenidae. 

— - Prahose/is - sheath three ■» 
jointed, dersi four •-joiniefh 
imtenwufour fai nkd Teg- 
mina (fuite short, if 07m con- 
sistence. — The four or five 
anomalous species forming 
this farxiily are parasites on 
bats of the genus Molossus, and have been found in both the 
Eastern and Western liemispherevS. Westwood, who first describcHi 


connected with woods and forests. 



Fig. 273. — Po/ijdenes /tc7/iari,iLs. 
(After Westwood.) 
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thoin,^ treated tlieiii. a,s aberrant AiK>])liira. or Lice, ])iit thert^ do 
not appear to be any sufficient grounds fVu* removing these ])ara.- 
sites from Heniiptera-Heteroptera.. Tlie conditioii of their a,lar 
organs reiniiuls one of what exists in Oi tuex and a, in I 

the nioiitli is not known to possess a,ny very peculia,r stiaudaire. 
We have liad no opportunity of making a thorough examination 
of I\)l/ijctenes, and therefore speak with some dinidence. 

Fam. 18. Capsidae. — Modfmite-Hizrd or Htnall hiujHj of deli {‘dir 
(‘(rnsiste?irfi, withoid ot'eUi ; the elytra, (md ‘lainf/s to^rally larye in 
jyro]}OTtion to the Imhj, the Jormer with him) erlh {(urtfHioiadly 


Fro. 274 . — TMopdtis .sp. 


Ea.st India. 



only one) in the 'memihmne. AnUrmias fou.r-joimieil, the second joint 
usually very tony, the ternmud two wore slender than the others. 
The 'jyrohoseis not rec.eived in a groove. Acutellu/ni exymsed-, fnode- 
rately l/m/e. Tarsi ihree.fymded. Female with an ovipositor 
ea/paUe of exsertion. — This family is one of the most extensive of 
the Hemiptera. ; we have a,];)out 170 species in Britain, wherci 
th(iy are most a])iindant in tlie south. The exotic species have 
been hut litthi collected. Tdieii' colours 
are usually delicaxte rather than vivid, 
and are mver metallic-. They frerpixuit 
])lants of all kinds, and many of them 
skip hy the a-id of their wings with great 
agility in the sunshine.^ The majority 
proha-l)ly siudv tlie juices of the plants, hut 
some are known to prey on other Insects. 

The species ""of the Tndian genus Helo- 
pieltls (Fig. 274) are reinarkahle by 
possc^ssing a knobbed spine ])rojecting 
straiglit up from the scutellum, making 
the individual look as if it were a specimen with a pin through 

^ Thr.sa/arov ent. OxoniensiSj 1874, p. 107. 

Yor.. vr ^ 



Fra. 275.— Section of a .sUnu with 
(*gg of a Capsid hug allied 
to JJdopdthi (Mocsa-ldight). 
58. (After Dudgeon. j 
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it : they attack the tea-plant and do considerable da, mage. They 
are known as Moscpuito-blight. The egg is of comparatively large 
size, and is placed by the bug in the stems of the tea-plant, 
but attached to one end of the egg are two long slender threads 
that project externally. A similar egg (Fig. 275) and method 
of oviposition have been described by Mr. Dudgeon as occurring 
in another species of Capsidae, called Moesa-blight, in India. ‘ 

Fam. 19. Saldidae. — Hedcl short and broad, with large, 'pro- 
minent eyes. Ocelli present. P^’ohoscis not applied to under swrfimz 
of hecul or hreast i?i repose. Scutedlurn larye, not covered. Elijlrn 
covering the upper surface of the ohdomeu, formed of three d/istvnct 
parts. Tarsi three-jointed. — These little bugs run with velocity 
over mud in damp places, or live in wet moss ; some of them can 
jump ; they are all of dark or obscure colour. There are only 
three genera : Saida, of which we have numerous British species, 
being the principal one. 

Series 2. Cryptocerata. 

The remaining families of Heteroptera are of aquatic habits, 
and form in nearly all works a separate division called Hemi 2 :)tera 
Cryptocerata (or Hydrocorisae, or Hydrocores), distinguished by 
the antennae being apparently absent ; they are, however, reiilly 
present, being situate on the under side of the head, to whicch 
they are closely pressed, or in some cases placed in a pocket in 
front of each eye. There are six of these families. Schiiidte 
is doubtless correct in treating this division as an unnatural one ; 
it is, however, generally adopted, and is convenient for the pur- 
poses of nomenclature and arrangement. 

Fam. 20. Galgulidae or Pelogonidae. — Form short and 
broad ; head very broad, with proimnent eyes, ocelli pjresenL Jlinfl 
legs thin, form, cd> for running. — The Insects of this family are 
but little known ; they are only sub-ac]uatic in habits, frequent- 
ing damp places at tlie margins of streams and waters. Tlie 
presence of ocelli distinguishes them from other water-bugs, with 
which indeed the Glalgulidae appear to be but little related. 
There are only about twenty species of the family known. We 
possess none in Britain; but one, Pelogomis marginatns, occurs 


^ Jnd, Mus. Koies, iii. No. 5, 1894, p. 53. 
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ill South Europe The. <itlier rn(‘.iii])t‘,rs of tiuiiily H,re very 
widely scattered over tlie surhice ol,‘ tlie earth. 

Fam. 21. Nepidae . — hehiad 'With> a lo'tuj 
slendfiT si'plioii j Jront nioj^r. or eloiu/fftr, for cfipturiiK] 
prey, placed quite at the front 
edye 'of the qn-othora'x . — This 
family consists of two interest- 
ing Imt very dissimilar geneni, 

J\^epa and lian/ftra. Both are 
widely distributed over tlie 
eartlp and are rather numerous 
ill species.^ We have one 
species of each genus in Britain, 

Ifeyxo amerea, tlie coiriinon 
water - soorpioii/' is one of 
the commonest of Insects in 
Southern Britain, living con- 
cealed in shallow waters when 
nearly or quite stagnant, 

Jlanatra linea/ru (Tig. 276) is 
much less coninion, and appears 
to be getting rarer ; it is not re- 
corded from I’arther nortli tlian 
(Jambridge. 

Th(3 nature of the respir- 
atory arrangements in these 
Insects is of consideralJe in- 
terest; the long tul)e at the 
extremity of the body consists 
ol‘ two parts (as shown in Fig. 

276) brought togetlur in tlie 
middhi, oiu^ from each sid(‘. 

La(mze-])uthierS StnteS' tiu 2l(S~^7lawara. linatriH, witli tl)« two 

, .11 ])()rtioiis, (i, of tlio n'spinitory 

processes are elongated ideurae, seiwmitud. Cambridge, 
but in the young it is far 

Iroin clear that this is the case. However that may lie, tliey 
seem to convey air to the true breathing organs, situate inside 
the cleft on the apical part of the abdomen itself ; but details 
as to tlie way in which transfer of air is effected along this 
^ Ff'iTari, Monogra idi uf Ank. JUy'niua, Jl'irtij iii. 1SS8, j*. 171. 
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veiy protracted passage <ire not lorthcuHiiiig. 
ment in J^epto has been studied to a <*e.rtaiu 1 lii‘. 

apical stigmata are the only pair of the aJidoniiiia,! stigiiiatii 
that exist in the imago of JVepa, the otlier six ])<iirs boiiig 
obliterated; the third, fourth, and fifth, a('.cor(liiig to ScIihmIU*,, in 
a very peculiar maimer : hence,, as Martin says/ r('spira.tory 
system is inetapneustic. In an earlier stage of tin*, life., hoW(*\ay 
these six pairs of stigmata exist in fiiiictioual activity i)la(M*d in 
a groove on the tinder surface of the liody; so that th(‘> ('oiiditinn 
is that termed peripneustic, and remains so till the linal moults 
when the long siphon appears. In the liarly lilt‘. tdim*e is a, 
short prolongation from the end of th(i body in eouuectioti with 
the pair of grooves alluded to, hut it is a single iiiipaii’inl oiga.u, 
and does little therefore to explain the appear- 
aiice of the siphon, wliieh must, at ]>r(*s<uib he 
considered as being suddenly (k*.vido]>ed at the. 
last moult. 

The eggs of Nejiidae air. reniarka-l)l(‘ obj'ects : 
that of the common wat^T-scorpiou hears seven 
filaments at one end (hig. 277) ; whih*. tha.t ot 
liiinatm is more elongate, and })(‘.ars only two, 
very elongate, tlireads. These eggs an,^ (h‘})( jKite(l 
in the stems of water -p)lantH, Ixdug introdui'ed 
therein, so that the body of the (igg is cencMuiled 
while the threads project: those, of Ibnutlnt an*, 
placed in stems floating on tlici \va,tcr, and in 
consequence of the threads the steum look as if 
they were infested by some fungus. The Btruc- 

Fia. 277. —Egg of ture and formation of tlie eggs liave been 
KomUeii) hivestigated with considerable detail by K(»r- 
schelt.*”^ He looks on the filannuits a.H piuni- 
matic, and considers that they supply a coating of air to t!ie 
body of the egg; they consist of a spongy mass encirclcMl hy two 
layers of egg-shell, both of these latter being peculiar in Btriuv 
ture ; the spongy mass is continuous with a layer of the mune 
kind of substance placed on the interior of the shell of the body 

^ Bull. Soc. JPhilomcit. (8) v. 1893, p. 57. There is Bonie diversity of opinion 
as to the respiratory orifices, and some authorities say that thoracic .stigiimta exkt 
even in the imago. 

^ Ac. (jfemau. li. 1887, p. 224, wnii ZdlBckr. taiss, Zoul. jcliii. 188(1, p. 537. 
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of tlici it will lie Tvcollected tliat we have described (p. 

ij(32j Jui i^gg, apparently of the same iiatiire, deposited by Capsids 
in th(i stems oi ]a,n(l plants, so tliat it is very doubtful whether 
the. tlireads aiv. leallj comiected with the a(|uatic development 
oi t.he (mibrv'o in Nejiidae. but tlie most interesting feature 
comunited with tluisi^. eggs is, aeeordiiig to Xorschelt, the mode of 
d(3VcIo|)meut ot tilt*, filuineiits, wliich is (imierU ; the shell of 
the egg is dtivideped. in th(3 ordinary inaiiner as an exudation or 
(‘xeretion ii'oin, <‘])itli(*lial cells; hut the shell of the filament is 
iornied as an iutrax*.e] hilar product; a mode ol* chitin-i’oriiiatioii 
that a.p|H*ars to he pit^eidin.r to this structure. Jvorschelt reniarhs 
tliat ^Mt is in the higliest degree worthy of attention how hy 
any pro<*ess of (Ievelopm(*nt tliroiigli a large number of successive 
giiiierntions so c-omplex a condition could he established as the 
result of a-daptatioii to external conditions; and this becomes 
even inoui interesting wlnni we remeinher that highly peculiar 
special pi'ociesses and d(i])artur<‘,s from the usual modes of tissue- 
formation are ne(*essary to permit the developnient of tliis 
apparatus.” ^ 

Fam. 22. ITancoridae. — Xo ocelli, and no terndnAd jjrocess 
to ike hody ; fronl legs imerted 0 % or near Ike frirnt of the 
f voder n/UfiK Anterior feriurm umaJhj broad and flat;. — The 
iiieinhers of this family are truly aipiatic, and swim readily in 
the water. The family is small, iucliiding about nine genera 
find thirty s^iecigs, l>ut, like many water-insects, the genera are 
widely distribut(*d. We have twm in Britain — one of them, 
jYa/iuarris, common ; the otln*!*, Ayfudoehedrus, rare. 

Fam. 23. Belostomidae.-— Wo ocudli, and no long terniinal 
lube to the hrhf ; front legs inserted, nercr the front of the ])to- 
dernimK Jkistcrwr tilrhee 'not sginy ; JlaUened (.toid j[)rovidedvrW 
md'mmng -Although these Insects have been cJassiiied 

with hTcpidac they lmv(i lint litthi relation therewith; on the 
oilier hand, the distijictions from Naucoridae a.re far less iiu- 
|Kirtant. The family iricdud(‘S soim^ of the largest Insects. , The 
Soutli Americfiii JMostorntt grande attains a length of four or lour 
and a half inches. Notwithstanding tlieir considerable size 
Belostomidjie exist in, very large numliers in some localities, and 
frequently destroy young fish by aid of the powerful though 

^ KoiwiiUt, Ada. l.c. p. 245. Oonipani the reinarlcs we liave made 011 p. 559 as 
to thi,^ pecailiaritieH et eggn of many other Ileiiiiptera, 
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short rostrum. They appear to be unable to resist the attrac- 
tion of artificial light, and are consequently sometimes destro}U({ 
in large numbers. It has long been known that species of th(‘ 
genera I)v})l()riych/uii and Ziuth((- (airry 
their eggs on their 1)acks. 1dier(‘. is no 
special receptacle for the purpose, but the 
eggs are kept in their pecidkir position 
by means of a cement insoluble in water. 
It has been stated l)y Dimmock tha,t 
they are placed in position l>y means of 
a long, fiexilde ovipositor. Schmidt, how- 
ever, found that a sjjccimen of JH'plo- 
nychus, bearing eggs and examined l)y 
liim, was a male, and he sul)S(M[iieutIy 
found that this was the case with other 
Pig. m. — Zaitht miura, egg-bearing individuals of other species, 
carrpng eggs ou its back, mode ill which the (‘ggS aiXi 

placed in this position and th(^ object of 
so curious a habit, remain uncertain. The species of Jklodonia 
are highly remarkable on account of the curious and (.complex 
structure of their antennae, in respect of which the nearest 
analogy is to be found in the large Colcoptera of the genus 



Hydrophilus, A very deep, ear-like pocket, exactly suited 


to the form of the antennae, 
exists on the under side of the 
head ; hence in repose no sign 
of the peculiar shape of the 
antennae exists. When the 
antennae are placed in this ear- 
like pocket only the one side 
of the basal joints is exposed, 


.a 



the long processes being re- 
ceived into the deep pocket. 
In HydrophihiS the antenna is 
used as an accessory' organ of 
respiration, and it will be in- 
teresting to learn whether this 


A B 

279. — ^Anti'ima of BeloHlinna Hp. A, 
One .side of tlie under .surface of the head, 
with antenini, lO, extended ; B, with the 
antenna retracted, a. Side of head ; r, 
pocket for antenna ; position of the eyes. 
The corresponding^ joints of the antenna 
are numbered 1, 2, .‘i, 4 in each lignre. 


is also the case in Belostoma. Belostomidae have patclies of air- 
carrying pubescence, analogous with those of Hyd/mfhiki^^ on 
the under sides of the body, elytra and wings, but we do not 


viir 


P.ELOSTOMrDAE NOrONKCTIDAE CDR IXl D AlC 5 6 ^ 


know haw they are charged. Another extremely interesting^ 
analogy is found in the manner in which the eljbra are loeh'ed 
to the body; n projection Iroiu tlie thoracic side-pieces, fanning 
a Tong pouch, into which a fold on the inina* side of tlui clytm 
lits, tlie two being siifisequciitly, locked l)y the ac'tion of sonui 
special projeetioiis. ddiis arrangement is similar bo that whi(di 
exists ill tlie anomalous family of Wiiter-heeth^s PcIoI)iidac‘,. I n 
order to make this irieclianism more perfect the side-pieces in 
Belo,skyma foriu free processes. Martin lias iiifornied ns that tlie 
young have tlie nietasterual episterriinii iiroloiiged to form a 
lamella that he thinks may be for res])iratory purposes.^ Aliont 
twel ve genera and upwards of fifty species of Ikilostoniiclac ai’c 
known. None exist in our isles, hnt several species extend their 
range to Southern Enropa*.. In the waters of the warm regions of 
the continents ot‘ botli the Old and New Worlds blicy arc common. 
Insects, but as yet they have not hemi found in Anstrnlia. 

Fam. 24, Notoriectidae. — Jb'os/rvw//// ,Hh(rd, si> tfqU the hfjK 
(cre 2fl(uxd ruar the /pert of it m wdl kh upur the Jro/i;t ; haeh 
oj the hmd ov(vd(r/)ped ly tJu front of the pronof/if/no . — Th(‘. water- 
lioatiuen are extremely eomniori in our ponds, where! they may 
he seen rising to the sarlace and raising the jjosterior e:xtrmnity 
of the hody for liroathiiig. They swim an their kicks instiuid of 
ill the usual position, and have an elahorutc arrangement of long 
hairs on the hody to assist them to carry aloout iin air-sujijdy. 
They are said to be lighter than the wahu*, and to have some 
dilliculty in keeping away from the surlacii. JN(>t()rueta ylmieii 
is tlie only Ihitisli species, but we have a setamd niinutc IiiiSect, 
I^le(£ mmutBsHima, belonging to tlui lainily. It lies in the mud at 
the bottom of shallow waters, and may sometimes he fished up in 
great niiinbers. It is considered by same aubliors to form a 
distinct family. The avii>osition of Modmeda has Ijeen observed 
by Ilegimbart ; the eggs are inserted into the stems of aipuatic. 
lolarits. 

Fam, 26. Corixidae. — Pi'oUmmm. dfiort, as in. Koimitetiiliu; 
summit of the head free from tlu tJwrao:. — "We Iiave numerous 
species of the genus Cormcc in Ilritain ; and others extremedy 
similar in appearance occur in various parts of the world. The 
head is reinarkahly free, and capable of great rotation. Orx 
dissection it is foiirul to lie attached to the thorax only by a 
^ IhUl, Mks, J*aris, 1 S9(J, p. 23S. 
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narrow area; in this rosjxM'l it diflin’s wididy tVuni Snfinu't'ht, 
which jKrsscSHCK an extremely^ Inrj^v o('ei|»itjil toruiumi, and tin* 
liead of wliirh possossj^s l)ii(/ little rrc(‘doin of niovcnifnl. Ihr 
extrenadj short ]>ro]>oscis is juon^ or ](^ss rdrnctilc, ninl llHOvf’nro 
rre([U(intly app(‘.a,rs a,]>s(ait. A scc.ond hritish i^cnus cnnsisls of n 
singhi speci(;s, t>lyar(f‘ win^Uissh/uf. These ln.s(*c{s, tnililo* 
na^ki, iira quite at hoiiHJ h(*n(*ath the water, wlae't* I hoy scin*ry 
about witli extrciine, rapidity, aial (.'('('ur soiiiot inios in oiinnnons 
ninuljers. in Mexico th(‘. (‘ggs of i-(tri,rt(. a nn-riett no and «d' (\ 
fenumUa are used as IVkmI, a-nd are said to he veiy nier. The 

Insects the mselv(‘s ar(‘. us(*< I as food in hoi it M<*\ieo nut! Mgypl. 
The species of this fa-iaily ca.n iiialo* a. noistt iHUtcath tlu* water f»y 
riil.>l)ing' tlu*- front hud/ a.ga.inst tlu*. |>rolHt.seisJ Tie* nialrs ha\«* a 
very coruphex asymmetry of the terminal s(*ginents, and in some 
species possess on one sidt* of tlie dorsal surfjtce a curiotm asym- 
metrical orgaai cotisisting of rows of V(‘ry <'los(‘ly-paekod^ in- 
temsely black, comh-like })Iat(;s, calh*d by Hnehanan While, a. 
strigiL This organ H(iems to he similar to the peenliar struet urcs 
found on the terminal segments of e(‘rtain HpecdcH of Scutclh*ri<]cs. 

Sub-Order il. liOMOi'TimA. ' 

Fam. 1. Cicadidae.— -//iv/// v/uV/a fhm ’ nn U jfifO'rd t ('lo ntpdo ri tj 
Oil the, mirnvh'it hetteer.n the eoniinutnd eyrs : oidiitnor rtto.Hisfi/iy 
uj (( i^htOTtdideidl joviit^ hk eittafoided hy (i ho i e^l ihe yeotn sH dteidrd ndo 
(d)oiit Jb'oc Hdyoie ids. Feonl fenonui looee oe less thiel%\ tie toed irlfh 
tejeth. Ihol'K/iiele {oe hosol jointsj nf o ide n no e ’leifho/d se nsi f 1 ee 
orryms.—Tlii^ important family (amsists ehietly <jf large fuseet.H, 
lew heing as small as one ineli u(*ross tlu* cxpaauleal wings, while 
in some the ex|>ans(i is as mu<*h us h«*v{*ii im*hes. As a nth* 
the lour wings are transpureiit and shining, with thf* iier\‘uri‘H 
remarkably distinct and dark colounul ; hut thcr<* are iuinu*rous 
forms wher(*, the whole creatuiax including tJi«* wings, is highly 
pigmented in a showy maaincr ; fre,(pumtly in black an*l yellow. 
Cicadas are said to b(i without any H]H*eial protection, and he. 
destroyed in cousiderablc numbers hy hmh aiul other animalH. 
The body is broad and robust, and is m*ver shaped into the 
extravagant forms we meet with in some of thtA c4Ju‘r famiIif*H of 
Homoptera. Gicadidat*. arti almost ecadiiu^jl to tluj warmer rogpons 

^ See CarpciiU*!*, frh/i NuloroJhK iv. lHar», p. rur 
- See remarkH on pp. rUU, Al l. 
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of tlio eartli, but we have oik; species, ii great raaity, in tlie ex- 
treme soutli of England; a.ltogetlier tluire are al)Oiit 800 s|)eei(5S 
known. These Tnsiicts a, re seen above ground — so fa/r a,s the 
life-histories are a,t ])res(mt known — only in tlK*> ])erf(^ct ('ondi- 
tion, the creahures in tlu'ir ea,r]ier stages l)eing sul)terra,n(^a,n a,nd 
living on roots. As soon a,s tlie individual coni(‘.s out of the 
ground it splits open the nyni])h-skin, and the perf(‘et (heada 
emerges. Oiia speek^s -the North A'nu'.ric'au (Vicaiht ^v-pte/ndecmi 
- — is a most notorious Insect owing to its life-cyclci of seventeen 



Fio, 280 . — 0Vv///('/ He/ftni(hte:mu Nortlj Aiiieriwi. (After Riley.) A, Larva; B, 
iiyiiipli ; C, nynipii Kkiu after eiiier^eiu,*c of tlie imago, D ; E, aeetion of twig witli 
of eggH ; F, two eggH magiiilieil. 

years. It is considered that the individual, aftm.’ nearly sev(m- 
tt^en yeiirs of umhuground tixishmee, comes to the surface and 
lives for a brief period tlus life of a noisy Insect. This is tlie 
only Insect at presc^iit known having so considerable a longevity. 
Tliis fact, and several other ]Ki(adiariti(\s, ha.v(‘- attracted much 
attention, so that there is an extemsivo^, litmuture coimcjcted with 
the Bfwenteen-year (Jicada. It lias a widt*. distrihution oviu* the*. 
United States, but does not confine its a])pcarance to ev(*,ry 
seventeenth year, being found soirniwlierc or other'— fretpiently 
in nmneroiis localities— almost (wcuy yea?'. The evidence as to 
its periodicity has been obtained by taking the locality and other 
points into consideration as well as thc^. y{*ar of appeara,n(^e. 
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By so doing it has been found possible to establish the existence 
of twenty-two broods which are distinguished by consecutive 
numeration. This being done, the evidence as to the years 
during w'hich Cicadas have appeared in any given ioenlity is 
examined, and the result is believed to bear out the view that the 
life-cycle of the individual Insect is really one of seventeen y(‘a,rs. 
According to this view there are, underground, in certain loCcdities 
individuals of different ages that will appear on tlie surface a,s 
mature individuals in different years. Thus in 1885 it was 
understood that tliere were underground in Alabama two ]n‘oods, 
viz. brood xviii. that would appear on the surface in 1804 , and 
brood iv. that would appear on the surface in 1896. The pn*- 
dictions made as to the years in which Cicadas would app(‘ar in 
some given locality are considered to have proved correct. More- 
ever, particular entomologists have in certain localities veriiied 
by personal examination the appearance of tlie Insects for several 
consecutive periods of seventeen years. These facts appea,r burly 
conclusive, but they are much complicated by another point, viz. 
that in certain localities the period is one of thirteen, not of 
seventeen, years. This is to some extent a question of climate, 
the thirteen-year interval being chiefly characteristic of the 
Southern States. It is not, however, entirely so, for there 
are localities in which the broods have an interval of either 
thirteen years or seventeen years. Another fact should he 
remembered, viz. that it is admitted that not (piite all the 
individuals of a particular brood are true to their proper time of 
appearance; in other words, a few specimens may aj)pear pr(i- 
cociously a year or two before their comrades, while some may 
lag behind to a considerable extent. It is therefore a matter 
for great surprise that, under these circumstances, tlui Ijroods 
should keep distinct at all, for one would suppose that time- 
variation of tins kind would lead to completely obscuring the 
distinctness of the broods. We must also call attention to the 
fact that both the seventeen-year and the tliirttH3n-year broods 
have a dimorphic form, or sub-species, called O, casdv/i/i which 
accompanies the ordinary form, with which it is apparently as a 
rule not connected by intermediates.^ ^ 

^ AVo must refer those who may wish for further information a.s to this complex 
and difficult question to the writings of tlie late Professor Riley, (ispeeially to 
Bulletin No. 8, 1885, TJ.S. Department of Agriculture, division of entomology ; 
and to the more recent report by Miirlatt, Ihdl Dq). Agric. EnL, N.S. No. 14, 1898. 
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r'i(.',a,(li(la,e are provided with powerful ovipositors. Tlie eggs 
(){ Heiytmd(rA}ih are deposited in the woody stems of hushes ; 
ailer reina.ining there a few weeks the young hatch out, dro]) 
to the ground, a, rid, as previously stated, disappear for ui'arly 
sev(*ntet‘u years, nearly tlie whole of which time is passed 
ill the larval state, tlie nymph -eoudition existing for only 
a, few days. They feed on the roots of various trees ; it has 
hiMUi. said that they are injurious in this way, but other 
a,utlioritii‘s luaintaln tliat they suck only a moist . exudation 
iVom th(‘ roots. It is very diilicult to obtain inforniation as to 
t.h(‘.ir st, range, prolonged, subterranean life ; it said that the Insects 
soinellines ])(ine,t,ra,t.(‘ to a great depth — ten feet, even twenty feet 
a rc inentii anul ; -and a.s great changes may take place on the surface 
during tluor long lives, these Insect Pdp Yan Winkles some- 
tliin^s (‘in(*rge, in very strange conditions, and may appear even in 
(h*(‘p (‘cllars. When tlie pupa, comes to the surlace it hooks 
itsidl' on to th(‘ shun of some plant or other object, the skin of 
the: hack s])lits, a,nd the, Cicada emerges. Among the inexplicable 
pciuiliarities of this Inscict must he mentioned the fact that when 
emerging it. soindlnK^s constructs cliimueys, or dues, extending 
s(*V(‘ral iucln‘S aliove. the surface of the ground. The reason for 
this is much dis]>utA‘.<l ; it was said that they are for refuge 
against inundations, hut this appears to be very doubtful. ‘ Certain 
(T the. hrooils e.onsist of an almost incalculable number of indi- 
viduals, and it is viny strange to hear woods, or other localities, 
that ha ve, been for many yi‘ars free from these Insects, all at 
om'v. ivsoundiug with thdr noisy song. The seventeen-year 
<'ieada is {'onsidm’ml to lie doomc.d to a speedy extinction ; the 
extouHion of cidtivation and Imilding, and the introduction to 
America of tln^ Knglish sparrow, are likely to prove too much 
for the Insect. 

Although Ilcmipiera are classified by many among the 
Aimdahola or Inscct-s witliout metamorphosis, it is impossible 
to deny that the (headidiu*. exhibit a considerable amount of 
nifdamorphoHis, and tlicy are usually mentioned as exceptional. 
Tin* Viumg fFig. 280 , A) is totally unlike the adult in form 
and cailoiir, and tnaintains, to a certain extent, its existence 
by the aid of a different set of implements. The larva of the 
( !i(»iida is ('olciurlcss, vvitli an integument of very feeble consistence, 
rfitlim* largo antennae, and a remarkable pair of fossorial legs ; 
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the wings are totally wanting. The mode of passage from tlie 
larval to the pupal state has not been recorded. The pupa, or nymph, 
differs from the larva by its much shorter, compressed form ; hy 
being encased in a remarkably liard shell; and hy the antennae 
approximating in form to those of the adult. It has short wing- 
pads at the sides of the body ; the front legs are remarkably 
powerful, and the creature is capable of inoviiig about ; the imago 
escapes from the pupa by the splitting dorsally of the middle of 
the thoracic segments. The empty pupa- skin does not shrivel, 
hut retains its form, and in countries where Cicadas occur, fre- 
quently attracts attention by the strange form it presents, being 
often placed in a conspicuons position. 

Song. — Cicadas are the most noisy of the Insect world; the 
shrilling of grasshoppers and even of crickets being insignificant 
in conipaxisoii with the voice of Cicada. Darwin heard them 
in South America when the Beagle, was anchored a quarter 
of a mile from the shore ; and TynvpuTioterpes (/Igccs, from the 
same region, is said to make a noise equal to the whistle of a 
locomotive.^ A curious difference of opinion p)revaiLs as to 
whether their song is agreeable or not ; in some countries they 
are kept in cages, while in others they are considered a nuisance. 
The G-reeks are said to have decided in favour of their per- 
formances, the Latins against them. Only the males sing, the 
females being completely dumb ; this has given rise to a saying 
by a Greek poet (so often repeated that it bids fair to become 
immortal) “ Happy the Cicadas’ lives, for they all have voice- 
less wives.” ^ The writer considers the songs of the European 
species he has heard far from unpleasant, but he is an entomologist, 
and therefore favourably prepossessed ; and he admits that 
Eiley’s description of the performances of the seventeen-year 
Cicada is far from a satisfactory testimonial to the good taste of 
that Insect ; Riley says, “ The general noise, on approaching the 
infested woods, is a combination of that of a distant threshing- 
inacbiue and a. distant frog-pond. That which they make when 
disturbed, mimics a nest of young snakes or young birds under 
similar circumstances — a sort of scream. They can also produce 

^ Some entomologists consider that this “railway- whistle’’ note is the result 
of the coniMiied efforts of several individuals. Cf. Mathew, 31ag, xi. 1875, 
j). 175. 

- It is nimccessary to say tliat the poet was not Sappho, but one of the baser sex, 
named XeTiarehus, 
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<1, chirp soinewluit like that of a cricket and a very loud, shrill 
screech prolonged for fifteen or twenty seconds, and gradually 
increasing in force and then decreasing.” The object, or use of 
the noise is very doubtful ; it is said that it attracts the 
females to the males. “ De giistibus non est disputandum I '' per- 
liaps, however, there may be some tender notes that we fail to 
])erceive ; and it may be that the absence of any definite organs 
of hearing reduces the result of a steam-engine whistle to the 
eipiivaleut of an agreeable wliisper. KTo special auditory organs 
liave heeu detected ^ as we have already intimated ; and certain 
natiiridists, amongst whom we may mention Giard, think tliat 
tile Insects do not liear in our sense of the word, but feel 
rhythmical vibrations ; it is also recorded that though very shy 
tlie Iiis(-*.ctS may he induced to approach any one who will stand 
still and clap Ids hands — in good measure — within the range of 
their sensiliilities. There is a good deal of support to the idea 
that the males sing in rivalry. 

Vocal structures. — Although we may not be able to pro- 
nounce a final opinion as to the value to the Insect of the sounds, 
yet we eanuot witliliold our admiration from the structures from 
which they proceiid. Tliese are indeed so complex that they 
must 1)0 ra,nk(Ml as amongst the most remarkable voice-organs in 
the animal kingdom. Tliey are totally different from the 
stridulating organs that are found in many other Insects, and are 
indeed (piite piiculiar* to the Oica,didae. Some difference of 
opinion has existed as to the manner in which the structures 
ax*t, liiit the account given by Oarlet, some of whose figures we 
reproduce, will, we helitive, lie found to he essentially correct. The 
structures are jiartly thoraede and partly abdominal. On ex^ 
uinining a male (yicathf, there will be seen on tlie xuider surface 
two platt’.s-- tlie opercula— -usually meeting in the middle line of 
tlie, body and overla])ping the Ixase of the abdomen to a greater 
or less extent arvording to tlie species, sometimes nearly covering 
this part of the liody ; these are enlargements of the metathoracic 
cj>imcra ; they can be sliglitly moved away from the abdomen, 
and, as the lattitr part is capable of a still greater extent of 
movement, a wide fissure may be produced, displaying the complex 

' Swirtton (UaitriH that one of the niembr^neH in the vocal apparatus is an auditory 
organ ; if so, the male would he deafeiKul hy his own noise, while the leniales, not 
possessing the organ, should not hear the soDg. 
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structures. In order to sec tlic parts it is betlA^r to (uit. a,wa,y 
an operculuni ; underneath it three nieinbraries (.ai-n be seen, an 
external, the timbal; an anterior, the folded or soft membrane; 
and a posterior, the mirror. This last is a most bc^autilul object, 
tensely stretched and pellucid, yet reflecting* light so as to be 
of varied colours ; there are also three stigmata-, a.nd soine 
chambers connected with the apparatus. The sound is primarily 
produced by the vibrations of tlie timbal, to wliicli a muscle is 
attached; the other membranes are probably also thrown into a 
condition of vibration, and the whole skeleton of the Insect iielps 
to increase or modify the sound, which is probably a, Iso influenced 



Fig. 281.— Musical apparatus of Cicada jpleheia. (After Carkt.) A, V(‘ntral view (Oper- 
culum oil riglit side is removed) ; a;p, apopliysis ; c:, cavern ; r, trochaiitiu (cheville 
of Reaumur) ; ent, part of internal skeleton of abdomen ; specular membrane ; 
m.pl, soft^ or folded membrane; P, base of leg; at, st', .si", stigmata; t, <irum 
“timbale” ; v, operculum; !«, first, 2a, second abdominal segment : B, same sceu 
laterally, portion of abdominal wall as well as operculuni reTuoved ; a, point of 
insertion of bind wing ; Mes, mesothorax ; .sr, scutum of inetathorax ; .‘la, third 
abdominal segment ; rest as in A. 

by the position of the opercula. The stigmata probably ])lay an 
important part by regulating the tension of the air in the 
chambers. In the female some of the structures arc present in 
a rudimentary form, but there are no muscles, and this sex 
appears to be really quite voiceless. 

Fam. 2. Fulgoridae. — Ocelli tico {rarely three, or entirely 
obsolete), placed beneath the eyes or necir tJis eyes, nsutilly in 
cavities of the cheehs, antennae placed beneath the eyes, very variable 
in foi 171 y usually of two joi7tts terTninated. hy a very fine hair, 
the second joint with a peculiar texture of the surf ctee, owing to the 
existence of sensitive structures (Hansen). Form of head very 
diverse ; vertex and face forming either a continuous curve, or the 
planes of the vertex and face forming an acute angle, or both pro- 
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Urnuul so ati to J'oriiL pn>joction. or (jroivi/i iJud •lu.ay he -moiistrouH. 
TrotKorctx mither a-rrned 7 urr u.%%s%ially (level 02)Gch 

This familj is of large extent/ and includes at present so great 
a variety of forms tliat it is realij almost impossible to frame a 
definition that will apply to all. Tlie unusual situation of the 
ocelli and tlio peculiar second joint of the antennae must at 
present be taken as the ])est diagnostic characters : occasionally a 
third ocellus is present. Borne of the Fulgoriclae are amongst the 
largest Insects, otliers are ([uite small The family includes the 
so-called Lantern -Hies, in which th e front of the head forms a huge 
misshapen proboscis that was formerly believed to be luminous. 



Many of the species are of hrifliant or beautiful coloration. A 
great many- — and of very different kinds — have the curious power 
of excniting large <|iian titles of a white, flocculent wax. This is 
tjxhihited hy oiir libth^ British Insects of the genus Cixi%s,ainl in 
Koine of the c*xotic forms is caiixied to au extent that becomes a 
hiologicul ]n\Z7.h. Tlut Tropical American genus Idurmx may be 
citinl as an example; being about au inch long it flies about with 
a large ina,sH of this waxy Hubstauee twice as long as itself; 
indeed, in tlui M(*xi(!.ati P. (mrumfin, the waxy processes are four 
or fire incdicB long. This wax fonns a favourite food of certain 
kinds of liepiflopteiu, and two or three larvae of a maggot-like 
nature may frequently be found concealed in the wax of the live 
Fiilgoridn ; this has Ijeen recorded by Vestwood as occurring 
in India ; and Champion lias observed it in the New 'World/ 
^ I\ ml. 1883, |i. 20. 
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The wax of Kulgorids is iiscmI l)y tlio (jhiiiesi^ for {‘.aiullijs a,] id 
other purposes ; and tins white Insect-wax is said to ])e nmch 
esteemed in India. Very curious chemical substances }ia,ve l)e‘eu 
obtained from it, but its importance in tliii economy of the 
Insects that produce it is quite oliscure. We liave aljout seventy 
species of Eulgoridae in Britain. They belong to the sub-fa, inilies 
Tettigoinetrides, Issides, Cixiides, and Delphacides, wiiich Ijy 
many authors are treated as sepa-rate fa,Tnilies. The exotic sub- 
family ITatides is higlily peculiar. In some of its nKunliers the 
head is very different from that of the ordinary forms, being 
narrow, and the vertex and front forming a continuous curve. 
Some of these Insects are remarkably lila^ liutterllies or moths 
[e.g. the African Ityraea nigrocAncia. and the species of the genus 
Fuchazia), but the young are totally unlike th(‘. old, tlui ])Ostm’ior 
part of the body bearing a large bush, of curled, waxy projections, 
several times tlie size of the rest of the body. 

Fam. 3. Membracidae. — Frothorax ^yi^oltytigeAllmFvKmh into 
a hood or grrocessos of dAmru forms ; (vnUnnuc inserted in front (f 
the eyes ; oeelli two^flaesd hekveen ihx kco eyes. — -This family is of 



A 


Fig. 283. — A, B, lleteromtits trmodosus. A, Mule .seen from above ; B, profile of 
female ; a, terminal part of pronotum ; b, terminal part of abdomen : C, front 
view of head and pronotnm of Qyplionm clavata. Ik»th specie.s from Central 
Ameriea. (Prom lUul. Omtr. Amur. lihynch. Htm-apt. JI.) 

large extent but its members are chiefly tropical, and are specially 
abundant in America. Although not of large size the Membracidae 
are imsuiqiassed for the variety and grotesqueness of their shapes, 
due to the unusual development of the pronotum. We figure two 
of these forms (Fig. 283).^ Very little is known about their 

1 A considerable variety of these extraordinary creatures are figured in Biol 
OeMr. Anier. Ilhynch. Homopt. ii. 
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luL})iis a,ii({ lil^.-historius. We lia-ve only two species of the family 
in lirita-iiA <ut(l thesi*. do not a/fford any ground for supposing that 
there a, re a,ny p(i{ailiariti(*s in tlndr lives at a-11 coininensurate 
with th(‘. oddness of the. insee.t’s structures. Belt has recorded 
the fact tha.t in Nica.]*agiia, tlui larva, e, of certa,in H(.)niO])tera were 
assiduously ahteiutul. hy a,nts for the sake of a sweet juice- 
ex end, e.d hy the, hugs, 1) at it is l>y no nica.ns clea.r tha.t these larvae 
w(‘re r(‘.aHy thos(^ of khnuljra-cida.c*.. In. I^orth America Ceresd 
livhalu^ an<l C. taiirltiu. plax'e. tiie.ir <‘.ggs in an extremely nea,t 
ma, liner in the woody twigs of triics. Tlie young have hut little 
i*es(‘mhla,n(*t‘. to tlu‘. adults, tlie greak thoracic liood licing absent, 
while on tin*, back there is on eacdi S(‘gm(*nt a. pa,ir of long, sub- 
erect ])ro('esses ha-ving fring(*d, or minutely S|)iny, inargins.' 

Fam. 4. Cercopidae. -Ocelli, bwo {(uu^.mlonally 
071 the rerte.e ; an.te'oiufe 'placed hei/ween the. eyes. Tliorax 7iot 
'pecvilarly foeiticd,^ — In the characteristic ibrms of tins family 
the front ol‘ the V(‘.rt(*x hc^ars a suture, touched on each side 
]>y one at right angles to it, or (‘onviu'giug to it so as to Ibnn a 
tria.ngl(^ or a, sort of muhrasuri^ ; the hind tiliiae lia-vo only one to 
tiinje strong spines. Tln^ (Jercojudaii a.re nnicli less extraordinary 
than many of tin*, previously consider(‘d ia-milies. But some of 
tliern havt*. the*- habit of secreting a la.rge (piantity of fluid ; and 
when in tin*, immature stag(*s, (*ertain of tlieiu have the art of 
emitting the li(pii<l in the form of bubhkis which accumtilate 
round tin*, lnH(*ct and ('onceal it. These a(icunnilati.ous of fluid 
are ('a, lied e,iickoo-.s})its or fn jg-sp i ts ; and the perfect Insects are 
known as rrog-ho])pers, tlndr ])ow(‘.r of leaping Iming very great. 
The most ahuinlant of tin*, frog-hoppers in our ga-rdens is 
P}eU(umm spo hik eins.M litt-ht InH(‘('.t of aliont a quarter of an inch 
long, ohscurely ('olourcd, with inorii or less definite pale spots; 
it is so va,riahle in ('oloiir that it lias received scores of names. 
Some of the. Instn'.ts do not use their fluid in this manner, but 
eject it in tlie form ol’ drops, and sometimes cast thimi to a, con- 
siderablii distance.. Tin^ plnmomena known as weeping-trees are 
due k) (Jercopidm*; some of tin*, specuis make Hucb copious exuda- 
tions of tlds kind that the (lro|>H have luicm compared to a shower 
of ra,in. In Madagascar it is said that rtyelus yowloti exudes 
80 much fluid that fivc^ or six dozen larvae would about fill a 

^ Ril«y, l\ miJ. Sin', WdBhiiujtioi^ iii. 1805, 88. For tht*. 3'<)uug(‘r of 

nm* TJjdHche, Etil. (2) iv. 1869, pt viii. 

vot,. VI 2 1' 
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quart vessel in an hour and a half. The frog-spit is considered 
hy some naturalists to be a protective device ; the larvae are, 
however, a favourite food with certain Hymenoptera, whicli pick 
out the larvae from the spits and .carry them off to be used as 
stores of provision for their larvae. In Ceylon tlie larva of 
Macliaerota guUigcra constructs tubes fixed to the twigs of the 
tulip-tree, and from the tube water is exuded drop by drop. 
According to Westwood, this Insect is intermediate between 
Cercopidae and Menibracidae.^ 

Fam. 5. Jassidae. — Ocelli two, jglcwcd jud on the front 
margin of the head (almost in a line with the front of the eyes 
or more to the front) or on the xleflexed frons. Hind Ulnae 
visually with many spines. This vaguely limited family includes 
a very large number of small or minute Insects, usually of narrow, 
parallel form, and frequently excessively delicate and fragile. 
They are often mentioned under the name of Cicadellinae. 
Ashmead distinguishes two families, Bythoscopidae, in which the 
ocelli are clearly on the frons or front, and Jassidae, in which 
they are on the upper edge thereof. Utopa, Leclra, and a few 
other exceptional forms, are also l)y many distinguished as 
representatives of distinct families. Very little is actually known 
as to the life-histories of these small and fragile Insects, luit it is 
believed that the eggs are usually deposited in the leaves or 
stems of plants, and more particularly of grasses. In Isrorth 
America the development of BeltocephaWs inimiens, from hatching 
to assumption of the adult form, has l)cen observed by Webster 
to occupy about six weeks. As Jassidae are numerous both in 
species and individuals it is believed that tliey consume a con- 
siderable part of the vegetation of pastures. Osborn has 
calculated that on an acre of pasture there exist, as a rule, about 
one million of these hoppers, and he considers they ol)tain quite 
as large a share of the food as the Vertebrates feeding with 
them. 

Fam. 6. Psyllidae. — Minute Insects with wings usually 
transparent, plaeedj in a roof like manner orer the body ; with three 
ocelli, and rather long, thin antennae of e/ight to ten joints. Tarsi 
tws>-joi%ted. — These small Insects have been ^studied cliiefly in 
Europe and Horth America, very little information having yet 
been obtained as to the exotic forms. They are about the 
^ Tt. ent. Soc. London, 1886, p. 829. 
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size of Aphiclae, but in form and general appearance remind 
one rather of Cica- 
didae. The wings 
are in many cases 
even more perfectly 
transparent than 
tliey are in many 
Cicii, didae. They are 
sometimes (oilled 
spr i ng'i ng plan t-li ee, 
as their Imbit of 
jumping distin- 
guislies tliem Irom 
tlie Aphida(\ L()w 
has calhul a,ttention 
to tli(3 rnmarlvable 
variation in ('.olour 
th(‘.y present in con- 
formity with (dtlier 
the age of tlui indi- 
vidual, tlie food- 

])lant, the climate, Pkj. 284. mcdncta. x 15. Europe. (After 

and more* narticai- Heeger.) A, larvu before first moult. B, larva after 

/ ' " third moult. C, adult. 

]{i,rly, th(‘. S( Jason of 

the y(ja.r.‘ Ih'aumur long since pointed out that at their eedyses 
thes(j ]ns(‘C,ts go through a, remarkahle series of changes of colour, 
and L(’>w fouml tluit this did not take place in the normal 
nmnne.r in the winlijr genera, tion that hibernates. This has 
lujen (confirmed by Slingerland in Xortb America in tlie case 
of J^Hyllfh ‘pynvA)Uif wliich lia,s been introduced there. He linds 
that tlnu’e ai*e sevijraJ generations in the year, and that the 
hiliernating a.dults differ from the svnunicr adults in size, being 
nearly oncj-third larg(*r ; in tlieir luucli darker colouring; and 
especially in the coloration of the front wings. 

In tlie earlier* stages, Psyllidae differ greatly in appearance from 
tlie adult forms ; the l(*gB and antennae in the newly hatched larvae 
are short, and liave a less number of joints. In the nymph the 
shape is very ])eculiar,the large wing-jmds standing out horizontally 

^ Veth. z*4k (Jen, WicM, xxvi, 1876, p. 167. 

ihmell IJidv. Jfjrk, exp. steUuy/t, JiuUefdii, 44, 1892, nwlJhdl. 108, 1896. 
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tV< >ui. till* sidrs t »r t 1m* }h k1 s , » I h.n t Im* u m h h • *! f ii»' » ! '-.j i n i »* i .S iin 

as ^'n‘al< as tin* IIh* jHa’inil ncmpM’d i.v lli»‘ 

apparcid.h' va I’irs acaoi’^linif t‘> s»‘a;>nii. W'il l.a /i\. Ijm h.t ; !\ an 
acrfHiiit, of niaii\' dalails of tia* aiiatani^ an«i hi mI i.iiiMH 

l‘sylll(la«*,' cniisitlt'I’S that I Im*!** aia* inar lal lal fa * . Mri' a i 

account, of /*.sv///c sifrrturhi is iir»t »iinh' flr.o <*ii fhi aiid 

Sliiigcu'lauil indii'atcs a shitic nifUi* lli.in ihin ih*- In-Mri 

hciiin* disclosed as 1 1m* result a lift li naaili . il i |'i»a.,ihb Itiaf Ih* i 
correct. In thcsi* t»arlicr sra;»«*,';. the hMiiy hiua' Ijarr- faJh'd 

wa,xdia.irs : a.ccordiu;L4' to Witlac/.il in flc' !a..r«.s- af 

species TrtoZft rhatfitn, e,a-. {Ijeso ai** hi'a.ijf and llal, 'M a,- |o 

tna.k(' tin* hody apj«*ar studd^'d volh •c.al pi»«a i , , lie • liii.v. 

tha,t lh(*.sc hairs clian^v their iMiait dunirj tie- -u.iuth of' the 
individual. Nhdhiitt^ is niore remarkalde m h'=.)||ida«- llem the 
uinount (»r luatier tlit*y secrete or e\ud»-' I’imiu llcir in 

some, s])(‘(*{cs the. suh.Hlujicc is a IcUif^y and the nyiiipli 

may k{*cp it.self (‘overial with a drop of if ’ in Mihrr eaMe*. if m 
sidiiha-H shown in Ih*aumnr‘s li^^nr*'-^ of /'. /oc^a, u lei*' Ihc'. cxiidri" 
tioii idrms a .Htrili;.^ several limes hmoer than lh«' h>*d}'. and at faeiicd 
to it. Allot, her h»rm of inxmlation a luifi! iIowih or waxv 
mutt-m’. Slin^o*rlaiid says that hon*-y dew was e\ini»"d i«y /I 
jil/rlrald in such <{n.intitiea that it *’ literally raiipai f'lMiii ihe irc'cH 
upon tilt* vcot^iatitiu hmieath: in eiilinaiiii;' the Mrr|ia|-t| |f|r hark 
td' t.ln* horse and tin* ItartMss,*^ often her.ime ere^eiial wifli the 
sticky Huhstaiice tiroppiiio from ihf- ire.o. It aiinwls ihoija^iifis 
of ants, hct‘H, and wasjts. which fs'cd upon ji.'' Th^' wut«*i lii>|. 
ytiH.!' oh.serVfil in the Xew ForiasI a sinnted .doe aleaiil wificll 

a la rgt* mnnhm’ tff Ikmdd wau'e hir-dly f«a>iipied , and osHiuiimlum 
showetl t.luit tin*)’ wen* thruHtim4 I !e*tr proirt»».c|i|i^H ii.ilo ihe riirl#ai 
and dtddrmed leaves^ in which W'cre seerePaf nvriiphs iddi /%//a 
t*xuding hom^yalew. It, must not h** asMiimod ihal l!ii.f* 
diwv is l.litt t.*-xcrt*mciit t>i the fiiM'ct . this aI«o i?-. kiiowic aipl a 
dilferciit Hulistancc. TIiohc who hav** ncu*-*! if fhiii fJie 

Iioncy-tlew ha.s a. ('le.an, fliivonr. Tie* ^ourre of the homw - 
thnv is imt t|nit.o tMuiain, hut it se.»aii-M prol»ahlf* i.liiil it ^omr^ Jike 
the solid matter figured I ly .lleauiiiiir, from ihe ahiiniffary 
C'anah and not frma hairs or pires on tin* b»dy. i*svllidae give 
rise, to definite foriiiatioiiH or galls »in e'erfain pliiit**'; soinef iiip's 
tlicHc Psyllid galls are mere chaiigeH in form of a liiiiifed parijor 
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parts, of a leaf, giving rise either to crumpliiig or to growth of a ; 

portion in one direction only, so that on one surface of the leaf i 

a swelling is formed, and on the opposite side a more or less deep 
cavity in whicii tlie .Insect dwells. A formation of this kind on " 

the leaves of isdescril>ed by ddiomas ' who : 

states that the growtli is din‘ to the deposition of an egg of tlie ; 

rsylla-, and is indepcnident of tlic after life of the liiscict ; a fungus 

— -I^coiniri aryojwfJli — forms similar structures on the leaves. ■ 

Structures much more definite tlian this may be tlie result of tlie 

attacks of I'syllidae ; for an example the reader may i‘efer to : 

E-eaumur’s a,ccount of l\i/l(((. huxir In Australia and Tasmania 
there are Psyllidac known as Laap or Lerp Insects, the products ' 

of which a.r(i cuIIcmI h^af-ma-nua or J^erp, and are used as food. 

This manna is a scahyiirodinted liy the young Insect on the leaves 

of JiJur(d'j/ptvH as a covering or protection. The scale is ^ 

iastened to the k‘af hy a hinge, and is somewliat like tlie shell [ 

of a cockle. AUhongh tire scales are said to be in some cases ; 

objects of great lieauiy, very little is known aliout these Australian ■ 

Psyllidae, oim of whicdi has, how(vver, lieen referred by Schwarz I 

to tlie genus Hjmmij/I (((xpls, Sigiioret.'^ About IGO species (.)f 

I^syllidae are known to o(.'(airin the PahK^arctic region, and aliout .[ 

fifty of them liuve lieen found in Pritain.'* r 

Fam. 7. Aphidae (I1((M4i<x or Mintde Insects ; ! 

<ts usiudly met wUli desUtate of tai/if/H, tJumyh many indvoidtuds j 

have tVH) pairs oj fransparent mviiys, Aadcnnae. hmy, or moder-- f 

(ftely louyjl rex’- to sevenfioi/ided- ; (djdovieai J'reajuend^^ a pal/r ,1 , 

of t/uhes (sipkans), or short processes on the upper side of the Jifth : 

aldominal seipnent. Tarsi tamfjuhited, first joint sometimes j 

excessively sh.ort. — Tlu^se soft-skinmul I nscM^ts are frequently called • ! 

liliglit, and am so alnindant in temperah^ climates that a garden, f 

liowover small, is sure to afford almndance of specimens during i 

the warm montlis of the year. Tliis great almndance is due to 
peculiarities in tlie physiological processes that render these * i 

obscure. little animals highly important creatures; the individual ^ 

life for sevmul generations is restricted to constant, or at any rate J 

copious, iml jibition of food,accomj)anjed by an almost uninterrupted 

f 

^ ZeUschr. K(Unrv\ (2) xiL 1875, p. 438. 

- Kj'^aumur, Mem., iii. 1737, DixUme MAimire. 

'' P. e.%t. son. IVaBfmuffoiij iv. 1897, p; 6S. 

^ Far lint wee Scott, lint. Matj. xviii. 1882, p. 253. , I 
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production of young by partlienogenetic ferriJiles, tlio young so 
produced becoming rapidly (sometimes in tlie course of eight oj* 
ten days, but more usually in about twenty days) tlieinselves 
devoted to a similar process; so that in the coinpara.tively short 
period of a few months the progeny resulting from a single 
individual is almost innuineral.)h‘. This rennirkahh*. sta,te ol‘ 
affairs is accompanied by other peculiarities of physiology, witli 
the result that the life-histories of successive^ genera, lions become 
very diverse, and complex cycles of series of g(ui (‘.rations di fieri ng 
more or less from one anotlurr are passtnl through, tlu^ species 
finally returning to l)i-sexual reproduction, and tlius inaugurat- 
ing another cycle of generations. Tlit^ surprising natuni ol‘ 
these facts has in the last 150 years causcid an immense 
amount of discussion, but no satisfactory light has yet been 
thrown on the conditions that really give rise to tlie, (nxceptioual 
phenomena. These phenomena are (1) parthemogemisis ; (2) 
oviparous and viviparous reproduction ; (>>j the ju’oduction of 
generations of individuals in which the sex(^s a,r(‘. veny uiuMjually 
represented, males being frecpiently entirely abs(*nt ; (4) the pro- 
duction' of individuals differing as to the accjuirtuncmt of wings, 
some remaining entirely apterous, while otluu's go on to the. 
winged form ; (5) the production of individuals of tin; same sex 
with different sexual organs, and distinctions in the very early 
(but not the earliest) stages of the formation of tlu^ individual ; 
(6) differences in the life-habits of successive geuei'ations ; (7) 
differences in the habits of individuals of on(‘. gemnution, giving 
rise to the phenomenon of parallel series. All these phenomena 
may occur in the case of a single species, tiiough in u very 
variable extent. 

The simple form of Aphid life may ])e dcscrilK‘d as follows : — 
eggs are laid in the autumn, and hatc.h in the H])riiig, giving 
rise to females of an imperfect character having no wings ; these 
produce living young parthenogenetically, a.n(i tliis process may be 
repeated for a few or for many generations, and there may be in 
these generations a greater or less number of winged individuals, 
and perhaps a few males.’ After a time when temperature falls, 

^ There is some doubt on this point, as the earlier ohservers seem to have supposed 
that a winged individual appearing in a generation chiefly aptcroiin was ijmo Jhela, 
a male ; it seems, however, to be certain that perfect winged nmlen afjpear in some 
species in generations producing no perfect nexual femalcH. Hpeaking generally, 
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or when the supply of food is less in quantity, or after a period 
of (ieliherate aljstentiou from food, sexual individuals are pro- 
duced and fertilised eggs aixi laid which hatch in the spring, and 
tiie phenomena are repeated. In other cases tliese phenomena 
are added to or rendered more complicated by the intercalated 
parthenogemdic generationsexhibiting wellnnarked metamorphosis, 
of kinds such as oceair in apterous or in winged Insects ; while 
again the liahits of successive generations may differ greatly, the 
individuals of some generations dwelling in galfs, while those of 
other generations live underground on roots. 

Parthenogenesis. - — Eeturning to the various kinds of 
ptxuiliarities we liavc enumerated on the preceding J)age, we may 
rmnark that tlie plieuoinena of parthenogenesis have heen 
tlnjroughly estaldished as occurring in Aphidae since Bonnet dis- 
covered the fact 150 years ago; and though they have not been 
investigated in much detail it is known that the partlienogenesis 
is usually accompanied by the production of young all of the 
ieinale s(^x. In other eases males are XJarthenogenetically produced ; 
but wludher thest*. males come from a female that produces only 
tliat st‘,x is not yet, so far as the writer knows, estaljlished. A 
note by lichtenstein ‘ suggests that usually only one sex is ])ro- 
duced by a parthenogenetic female, but that both sexes are some- 
times so produ('-ed. There is not at present any species of Aphid 
known tf> l)e p(n*petua,ted by an uninterrupted series of partheno- 
geiKitic giiiierations. It was formerly supposed that there are no 
males at all in CkerrneH, but, as we shall sixbsequently show, this 
was erroneous. It has, however, been observed that a series of 
such gcuierations may he continued without interruption for a 
])(u.‘io{l of four years, and we have no reason to suppose tliat even 
tliis could not he much exceeded under favourable conditions. 
The parthenogenetic young may he produced eitlier viviparously 
or ovijiarously, according to species. 

Oviparous and viviparous reproduction. — The distinction 
lietween these two processes has been extensively discussed, some 
naturalists maintaining that they are thoroughly distinct ab 
initio. This view, however, cannot be sustained. The best 


the eourne of events seems to be tliat in summer there c.Yi8t only wingless and 
winged parthenogenetic females, and that the sexually perfect forms appear for the 
first time in autumn. 

^ Mitt. Hdmeiz. ent, Ges. iv. 1876, p, 529. 
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authorities are agreed that iii the earliest ])r(j(:'esst^..s of iudividual- 
isatioii the ovuiig and the pseudoviiiii ' giving rise to a. vivipa,roim 
individuah iiidistingiiishalile. Leydig, Huxley, Ilalhiani, and 
Lemoiiie are agreed as. to tliis. Neverthelt\ss, dillerenees in the 
development oecur extremely earl}'. nadure o( tliesci differ- 

ences ma}' 1)6 Indetly descri])ed by saying tliat in the viviparous 
forms the embryonic development sets in ])efore the I'ormation of 
the egg is properly completed. j>albia,ni says, In la,ct at tills 
moment [when the viviparous development is commencing] the 
germ [pseudovuni] is lar from having olitained tlie devidopment 
it is capalde of, and troin having accumulated all tlu^ matter 
iiecessary for the increase of the (uiilnyo, so thad the evolution 
of the former coincides, so to spea,lv, with tliad of the hittei*. On 
the other hand, in the true ovum the two ])ro{*esses are clirono- 
logically separate, for the rudiment of tlii^ new individual nevuT 
appears before the egg lia,s completed the growth of its constituent- 
parts.” “ As regards tlie difference in striictui'c of the organs of 
vivipardusly and oviparoiisly producing individuals, it is sufficient 
to remark that they are not of great importance, btviiig apiparently 
confined to certain parts reniainiiig rudimentary in tlu*. fornuu*. 
Leydig, indeed, found an A;phis in which certain of the egg-tubes 
contained eggs in various stages of (huudopment, and otluuxs 
embryos in all stages.*' 

As regards the physiology of production of winged and wing- 
less individuals there has been but little exax-.t impiiry. Vast 
numbers of individuals may be produced without any winged 
forms occurring, while on the other hand these lattiu* are occa- 
sionally so abundant as to float about in swarms that darken 
the air; the two forms are probably, however, determined by the 
supply of food. The winged forms are less prolific than the 
apterous forms; and Forbes has noticed in Aphis maMi-radids, 
where the generations consist partly of aptejrons and partly of 
winged individuals, that when the corn begins to flag in conse- 
quence of the attacks of the Aphis, then the proportion of 

^ The term pseiidovnm is applied, as a matter of convenience, to the earlier condi- 
tion of the viviparoiisly* produced form, and the term i)sciidovai*iujn to the ovary 
producing it. 

- Balbiaiii, Arm. Act. Nai. Zool, (5) .^i. 18ti9, p. 29. For concise recent re- 
marks on the early embryonic states, see Lomoine, JiulL Avc. eM. France, 1893, 
p. Ixxxi.x. 

^ Ada Ac. German-, xxxiii. 1869, Ko. 2, p. 81. 
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winged individuals becomes krgel The axopearance of winged 
individiiols is Ireqiieritly accompanied hy a peculiar change of 
lialdfc; tlie winged individuals migrating to aiiotlier x>lant, which 
in inan,y cas(i8 is of a totally diilerent l)otanical nature from that 
on which the a,pt(‘rous ])roods were reared: for instance A 2 )his 
■ta((U, after producing several apterous generations on apjple, gives 
rise to winged individmils that migrate to the stems of corn or 
grass, a, nd feeding thereon commence another cycle of generations. 
The study of this sort of Aphis-migration is chiefly modern, but 
imuiy very curious fads have aln^ady heen brought to light; 
tliiis a;ftcr ])roduciiig a certain number 

of viviparous gmieralloiis 011 ma, pi e (.her j, quits this food-plant for 
aaiother, l)ut after two or tliree months I’ctiirns again to the 
ma])le, a.nd pi*odu('tis s(*,xual young that lay eggs.“ Histories such 
a.s this are ratlua* common. liven more interesting are the cases 
of those species tliat, afte.r some w'eeks of X)hysiological activity 
on a ])la,nt, pa,ss into a state of repose on the same p)lant, and 
tlien aft(*r some w'edvs ])roduec sexual young. On the whole, it 
would apjHiar tlu'it tlu^ a])pearance of winged forms is a con- 
c()in ita, lit <)f (le<'r(‘asiiig nutrition. It is a very remarkable fact 
that th(*. sexually lytu'fed females are invariably apiterous, and this 
is iVe(|U(‘ntIy also the ca,s(i with the males. It is also highly 
renia,rka])l(^ that tlu^ stexnally ]>erfect individuals are of com- 
|)arallvi‘ly small sixic There ar(i at least three kinds of males 
in Apliida.(t—1, winged males; 2, wingless males with mouth 
well de.vdopisl ; 2), wingless small males with mouth absent. 
As r(‘ga,rds sonu*. of tli(‘se ])<)ints the conditions usual in Insect 
life ar(^ inv<‘rs<aL^ Huxley inclined to treat all these products of 
a fertilised egg, that a, re aiit(M'e,(hmt to another process of gamo- 
genesis OLr. jyrodudloii with fertilisation), as one zoological indi- 
vidual : in tliut cas(^ th(^ Aphis zoological individual is winged 
before attaining tlui mature state, and is wingless and smaller 
whciii mature. Home spcicies may have as a rule two, others 
thr(H‘., winged gen(*ra-tions in a yi*ar. 

Parallel series.— In certain cases individuals of one genera- 
tion assume difierent habits, and so set up the phenomenon 

^ Screnlacfttk Jlrp. hiMcts /IHnois, 1891, )>. 0(1. 

- K(jRsl(*r, Ada Ac. (Jcrtium. li. 1887, pp. 15‘2, 153. 

•* In (loniiec.tioii with tins tlic al>scnc<i of a functional mouth in the imago state 
of numerous Lepidoihera, and of Oostrid Iliptera, should not he forgotten. 
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kiHAVu as parallel scricss. This has ])eoii rec^eutly investigated in 
tlH> genus (Jh.rrmcs ])y lilochinann, Dreyfus, and Cholodkovsky. 
This Iidle;r sa.va.nt. inioriiis us’ tlia.t a, wingless partiienogenetie 
ienial^ ol* hihe.rnates on a fir-tree — Fic.e.K- fxcelsa — and 

in fhe spring lays nuinerous eggs; these hal(*h, a,n<l]»ytlie effects 
()[‘ suction oi* (■Itrn/ies on tlie yuung slioots, galls a, re fornied 

(Fig. in which the Insects are 

/ '"x foiuid in larg(*. nimil)ers; when they 

• X have grown tlu^ galls ojkui, and allow- 

/ 1 '^T \ to escape these moult 

I l)e(ioni(‘. winged females. They 

j I diflerent habits ; some of 

1 ^diem reana-in on tlie IHcm, lay tlieir 
th(‘.reun, and out of these there 
\ i ‘t-i’o produced young that grow into 
\Jr, % \ hiluirnallng females, whieli next spring 

T * I -1 h^’^^duce galls a.s tlieir grandmothers 

^ ii did; luit another portion niigrates to 
\ / tluxLarch (JMrix); 1 Hire eggs are laid, 

f '^Y / from which proceed wingless partlieno- 
N . / genetic females, that liibernate on their 

new or se('OM(lary plant, and in tlie 

vr«. 2sr.. i,n,er- «gg« 

iiutiiiK r<)iiiai« or “wiiiior- give rise to a dimorphic generation, 
iiioUior. i)a.rt of tluim Ijei'oming nymphs and 

going on to the wingtid condition, 
whil(;‘ th(‘. otluii' pa.rt» remain winghiss and lay eggs, that give rise 
to yetuuiotlitir winghiss geuieratiou ; in laet, a second pair of parallel 
seri(‘H is formed on the lUiW plant, of wliicli one is wingless, and 
(ixeluHivady panlienogenetie., and continues to live in this fashion 
for an indefinite ])eriod on the secmiulary plant, wliile the other 
part beeonucs winged ; these latter are called sexuparous, and go 
hacjk to the Ficm, and there lu,y eggs, that give rise to tlie 
siixual foruiH. If w<i would summarise these facts with a view 
to rimnunbering them, wo may say that a luigTation of a part of 
a gtuierallou from the was made witli a view of producing 

a sexual generation, but that only a portion of the migrants sue- 
(*f‘ed(ul in (vffecting the ohject of the migration, and this only in 
their tliird gene.rution. Thus portions remained on the Ficea, 
^ JUmH'. f%c. cut. Hubs, xxiv. 1890. p. 386. 


El«. 2<S5. ' C^hrniu'Huhh'iiH; Inter- 
I'oiiiati or “wiiilor- 
iiiotlicr.” Eiiropt*. Muith mag” 
iiiiltul. (After OhohjdkovHky.) 
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proiiiK'iiig uiiisoxual fiVimalo.) individiials, and a, portion of those 
that (onigrah.Ml to thii Lurlx remained thereon, producing also uiii- 
s(vxvial (feina,l<‘.) iudividuaLs, while the others returned to the Ficeu 
a.iid produced a, sc^xual generation. • How long the prodnction of 
the u nis(‘.\'iial genera, tions may contiiiiie has not been detennined. 

P/rj/lh)j\rr(i. The that has caused such an enor- 

mous aiMoiiiit of (la, mage in tlie Old AVorld during the last thirty 
years, is a, sum, 11 .A|)hid that was introduced from North America 
into Kuro])(\ In North America it is not so injurious .as it is 
in hhu'op(‘, owing, no doubt, to slight distinctions in the condi- 
tions of lihi in tin*, two heiius])her 0 s, as one of.wliicli maybe 
m(*.ntioiu‘d that iii. Europe a larger proportion of the individuals 
]>roduct*.d a,pi>(‘ar to (X)nhne themselves to feeding on the roots, P. 

laving onev of the species that lives both in galls on 
Ic.awes, and underground on the roots. The species is one that 
exliibits in tluu'r ni(.)st complex form the peculiar plieiioinena of 
Aphid lifti W(v hav(i already mentioned. It has probably only 
oiui (*ong(*nie,r, l^hfiHoxem (/iierem, and of this Lichtenstein says 
that in its (vych*,, from the starting-point of the winter-egg to 
thev a.ssuni])ti()n oi’ 1.1 uv sexual (vondition, 
it (‘-xhihits a s(vri(‘s of no less than 
twfmty-om*- forms.' Hi(‘- life of Fhyl- 
loMird ’mis/, (dr lx a|)i)arently differs essen- 
tijilly from vvIkiI vvtv have described in 
Cfixmu^x, inasinucfi as the migrations arc 
only htdweivii hiaf ?nul root of tlie same 

plant - the viiie—and not from one 

specie (H of ]daiit to another. Some autho- 
rities tre,at PkyUiKrerci and Ohmnes as a 
separate, family undci* tluv nanu*, of Fliyl- 
]oxerida,e.. 

dV///s’.— Like nuany species 

of A|)hid{m live, partially, others wholly, 
in galls thfil art,v ])roduced by plants as 
the result of one or mcire Aphids inter- 
fei'iiig with a dedieute part of the plant 
wIkui it iB in a young and growing 
state. Th{3 usual position of Aphid galls 
is OH a leaf or kvaf-stalk. But in the case of the genus Olurmes, 
^ Ent, ZfAL xxxvi. 1875, p. 368. 



Fi«. 286. — Gal], or false cone 
of Chertms ahietis. Cam- 
tritlge. The small figure, 
to the left, is a section made 
at the level indicated by 
the pointing line cc, and 
shows the chambers contain- 
ing young. 
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a bull nr sniiin. L»ro\viu<j; pa.rt <>i’ t h«‘ spnicn-lir is aJlbi'UMl in surh a 
waj that il, ^^ivcs ris<* to an obj<‘ct haviiiL*' uxtiuaially tin* apyaar- 
auc'i‘(»lhi iitt.h* tir-cou(‘, wliila it anjisists nfrlia rnbfa’s in whiah 

tlu‘ Aphihs rt*si({(‘. I’lia Ibriiis of A phid“R'alls ;u'<* vary iliwu'sa, but 
this is probably <bi<* t«> tlia j>laiit rathi*r than in tha^InsMut^ Foi* ilia 
saint* sp(*(*i(‘s of Aphis may ;4‘ivt* ]*ist* to dihbivnt. ibrins th’ ii;alls. 
lh‘aaiiunr thought. Ihat» each Aphitl-Ra.ll wa.s dut* It) a siniib* iinii - 
vidiial t.hat irri|.a.t(*d tin* t-issut* of tht* jtlaiit, so that iht* lattar 
up at. l.ht* jjoint of ii*ritat ion and aiu'btstai tin* Insaut. 

A tbw points a.s to th<* anatomy of Aphitls sluuild btt 
uoti('t*d. It is douhtful wh«*th(‘r tim antminar hav«* ovur roally 
inon* 1 han six joinisjjnt aj>part‘nt .s<*v<*nl h Joint btdni^ ant ually a sort 
ol’ a ppt*ndau;(* of tJn* sixth, d'ho rostrum is t*xt uriially ilirt'o-Joiiiloil, 
and is r<‘markablt‘ For tin* ^n/at tlivt‘rHity in its lun^h.h, soinid im«‘.s 
it. is tpiito short, at. otlmrs st*vt*ra! tinms huioor than tint body 
FMo. LbSo;; tin* S(*ta<‘ an* oftt*!! wry nnudi lou;^u*r than tlm 
sbcatJi ; in taistts wln*n‘ this j^rt'at IfiiRth of rostrum nxists, thi! 
iinlividual may <»fb*u ht* Foiunl with tin* tip firmly lixud in tin* 
hark, and, as it W{*n*, tt‘th<*rt'«l hy moans of tin*, rostrum, tln^ 
lt*n'4ih of wlnVh allows, iiowrllmlo.^^s, oonsitlorablt* lot'oinotiom 
Suction is pt'rForiinal hy rontrant ions td' tint pharynx. 
has hnt‘n much difibronw. of o|dnion a.s to wln*tln*i‘ tln*rt* is a 
salivary syrin^i^t*, and Witdat'/dl failtsl to find it. KraKHilstsoliik is, 
liowint*!', p<»sit.iv(‘. that, it nxlst-s,* ainl that it. is analot^oiis to Unit 
duHi'rihod hy Mayi*r in /[//r/'htfnfris, hut tln‘ri* am diUbrmnavH 

of struotun* hotwi'cn tin* two. It is vm'v tlillirult to ilotmaniini 
tin* numhi'r of si‘Rnn‘nts ai tin* oxiromity of tin* body ; this is 
ti*niiina,tj*d dorsally by a inodian or;^an placed aduivt* tin* aniis, 
and known as tin* I'ainla. Ualbiani a[ipJircnily (‘onHicU'rs that 
tln*r(*aru ton abdominal Si‘t.(mt‘ntH ami tin* <*auda. The itlinnnikirj 
('ana! has a small stomuch, and an olonoaU* intcHtiim, the 
terminal ilivision of whioli is capaciimH aanl n*ina.rkal>ly 
Then* an*, no Malpiohian tubes; aeeording to Kiiwale.VKk}% their 
fiinetiiHi is diseharged by tho pcisterior j.Ktrt of tin* iilimi^nhiry 
eanal. Thr*n..* (*xi.sts, !nivvi.‘Vi»r, a pet'uliiir Htrm'tnri*, tin* pseinJo- 
vitellus, a .*^orb tif c-ollular, tluuble. string; aanl WiilaeyJl, in his 
vuluiibh* paper* on t!m unakiiiiy lif Aplddui*, suggestB that this 

* Zin^/, Ani. XV » lsa2, |>, 

'• Jd*. innt, iv. H«'ft iti. |», *W7 : hi'i*! <ai tlbn Mraiyj abo Mtadwilko, 

Zmii, xvsii. IHn.y p, a5T. 
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orgMii may in S(>in(‘ way reyLicn tlie ini.ssing Malpighian tubes. 
Aiiotlan- highly ])(*.(', ulia.r structure is the siphons, frequently 
calltMl ii(*(hvai*i(^s, lionc.y-tul)es, or sipliuncles. They are situated 
on the (lorsa,! a, spent of tiu*, fifth a])(loiuinal segment, but exist 
only in <*erta,in of the, sul)-families ; tliey are of very different 
haigths accMjrding f.o th(‘. s])(‘(‘ies, and are capable of movement ; 
they oi)(‘n <lir(‘(‘tly into the body cavity, thougli exee])tiona,l 
openings into tht‘ body cavity are extremely rare in Insects. 
dTiey (‘xcre.ta^ a wa/xy inafinr, whicli first appears as oil- like 
glolnih's. It was formerly supposed that they were the means 
of secm-ting th<‘ sugary matter, called honey-dew, so much, prized 
l)y ants and some other Insects; but this is now ascertained 
to be erroiUMins. I his matter comes from the alimentary canal, 
and is secridtul in large quantities hy some species, Biisgen having 
ohservcsl that forty-idght drops, ea,ch about 1 mm. in diameter, 
were (miitted by a, singki indi vidual in tweiity-ff)ur hours.^ Certain 
gall-dwelling Aphidae~7V/w^;/%v/,s, Cker7n.eH (Fig. 285), Schizo- 
])oss(*ss nunuu'ous wax glands; these seem to replace the 
siphons, and excretes tlie ])eculiar, whitish llocculent matter that 
is so ('onspicuous in some of these Aphids. 

Earlie.r anatomists failed to find any dorsal vessel, and it is 
consetpnmtly re.portcul in Inoks to be absent. It has been, how- 
(nan% rcHxnitly (letfHled by Witlaczil, and Mordwilko states tbat^ 
it docjs not differ frfmi tliat of oilier Insects. 

Wti havi^ alrc^ady alluded to the fact that the mode of repro- 
duction of A])hidK lea,<lH to an unrivalled increase. Tliis, however, 
is not du(^ to the prolificitiess of the individual, whicli, in point of 
fact;, a])|)ears to b(^ cfmsidu’ably below the average in Insects, but 
rather to the rapidity with which tlie young begin to reproduce. 
This has Ikmui discussiMl liy Huxley, Buckton, and others. The 
first-named naturalist cahmlated that the produce of a single 
AphiH would, in tin*, coiirsi^ of tem generations, supposing all the 
individualH to survive, contain more ponderable substance than 
five huridr{‘,d millions of stout men ; tliat is, more than the whole 
population of China.” “ It has since been contended that 
Professor Huxley’s ailculation was much below the mark. 
Although it is somewhat difiicult to make a calculation dealing 
adequately with thc^ actual facts, yet it is clear that the increase 

^ Bud. aenimdU. xl 18^1, p. 198. 

“ Hot!, inUr w/vV/,, WobHter, / Pew York ent. JSoc. i. 1893, p. 119. 
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of Apliids is sucli that, dra-winy as they do their niitriiuent 
directly froiri the plant in its growing state, in the course of 
two (jr three years there would l)e no nutriment ava,ila])k‘« lor 
other animals, except such as niiglit bc^ derived from ])hirits not 
attacked by Aphids. The. numbers of Ax)hidae would l)e so great 
tliat they could nut be ex])ressed by ordinary numerical metluxls, 
and their increase would be actually limited only l)y tlui rcdatuons 
existing iDotween differcuit kinds of ])lants, and btdweeii ])lants' 
and Apliids. Tliis result is avoided liy tlit‘. fact that Aphids arc 
themselves the victims of a whole*, army of Insect enemies. Tlu^y 
have the numerous mein,l)ers of a special grou]> (Ih’aconidae, 
Aphidiides) of minute Hymen optera to live inside* tlH*ir bodies, and 
many Aeideate Hymeno])tcra dep(‘.n(I entirely on the Apliidae a,s 
the source of food for their own progeny. Tlie T.,ady“birds— 
(Joccinellidae — live on Aphids and (Joccids, and themselves in- 
crease to such an extent as to lie in many y(*.ars a conspicuous 
part of the Insect world. Crowds of the larvae of Hemero])iids 
and Syrpliids a.re constantly engaged in spearing and sucking 
tlui Apliides. Heneui the old naturalist Bonnet said that, just 
as we sow grain for our benefit, Nature has sown Aphids for tlui 
lienefit of multitudes of different Insects. He might have addtMl 
that these different Insects are for the b(im*,fit of man, it beiiiig 
ch^ar that witliout them the pojiulation of tlie world inimt 
rapidly decrease. 

Ants treat Aphidaemore intelligently than most other Insects 
do, for they do not destroy the h el] dess creatures, but utilisi^ 
their products in the way man does those of tlie cows he 
The relations between ants and Aphids is itself an extensive 
cliapter in Natural History ; many facts have been brought to 
light sliowing that the ants manage the Aphids in a prudent or 
iiitelligeiit manner, distriliuting them wlien too nunierouH in one 
])lace, keeping guard over them, even building shelters for them, 
and in some cases keeping them in dire(d association, by retaining 
the Aphids in tlieir own dwellings. The further investigation of 
these i)oints goes, the more it tends to raise the actions of the 
ants to tlie level we ccdl in ourselves intelligent. It would even 
a,ppear that the ants are acquainted with the migrations of the 
Aphids from one species of plant to another, Webster informing 
us tliat as tlie Aphis-population on an apple tree multijdied the 
ants in attendance anticipated their migration to wlieat and grass 
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1)7 carrying them to thoHe piantsJ We have iieaxly 200 species 
of Aphidae in Britain," and there may perhaps he 800 known 
altogetlier. To what extent tliey may occur in the tropics is 
undetermined. There are said to he no native species in New 
Zealand. 

Fam. 8. Aleurodidae. — Minute Insects, witli, foicr viecdy loings, 
seven-jointed wntemuie, two-jointed feet, terminated' hj two claws 
and a third jjroeess. These minute Insects are at present a source 
of considerahle perplexity, owing to the curious nature of their 
rnetamorphosi s, and 
the contradictor}' 
accounts given of 
them. In the earlier 
stages they are 
scale -like and (pii- 
escent, being fixed 
to the under side of 
a leaf. The French 
authors Signoret and 
Girard state that the 
young are hatched 
having visible ap- 
pendages and seg- 
mentation, hut tliat 
after they are 
attached to the leaf 
the organs gradu- 
ally suffer atrophy. 

Maskell states the fio. 287.— instars of Aleurodes wimamlata. Euro})e. 

opposite, saying that H«ger.) A, Ny.npb, from above ; B. oymph, 

^ ^ ? »/ o under surface ; C, imago. 

the organs in the 

earliest sta,ges are not usually recognisable, but become faintly 
visible with the growth of the Insect. Heeger states that 
the larva undergoes three eedyses, and he gives the figures 
we reproduce ; if he be correct it would appear that the 
nymph undergoes a great develop)inent. Eeaumur, on account 
apparently of their great metamorphosis, treated the species 

^ J. Am York JEnt. Soc. i. 1893, p. 120. See also as to knowledge on tlie part 
of ants, Forbes, Eighteenth Hep. Insects Illinois, 1894, pp. 66, etc. 

- .Monogni])!! by Buckton, Ray Socielff, 4 vols. 1879-1883. 
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.known to hini as bnint;’ L(‘|)i<io|>t(‘rons, tJinuiih ia* rorr«‘et|y 
pointed out tlndr distiiK'tions. Al prrsf'ni \v«‘ <';in «,nly con-* 
cliido tluit thn Al(airodi(la«‘ nn(l<‘ru;n a. ni«*t;nnor| >hosis of a, kind 
])eoulia,rto tlKunsalva^s, a,nd r<‘({uirinj4* rrnrwod in\‘«'.<l i'^atinn. Tht» 
family ]ia.s Ixmui nionon’ra.]di<‘d ]>y Si^’iioraf, and iiior<‘ raconily ky 
Mask(dl, who has incr<*a.S(‘,(l tho, iinndH*r of s|i»‘('ios to ainjut sixt.jd 
We have thn^e or Ibui* in liritain, oin* of uhi<'h, A. is 

extnnrHdy aiifuida.nt on various kimis of eahha^o in ooriain years, 
Fam. 9. Coccidae (Srulr - ///.savVa, Menhj - /e/yaj. Insrc/H, 

V.stf(dl't/ if'i/.h onljj si/if/lr rlmr in flu JtKii; thf itntlt. ‘fi'illi, 

iine. p(tir ([f hid. irilhoid iiioiiflt-parli^ ; iht' Jntitdv iruujic^H 

and VHiiiillif .s*a detfriKlnd in Jdnn fhai fimsi nj ihn i jivnnd tn’ipniH 
(tiid appciulaip'n vamiut. he d idunjn ished . I’he toriu in whieh thesti 

Insents are most ^'em*rally kiuAVu 
is tliat of a, small scale or shell-liko 
iHnIy (dos(dy adlnadnjjj to leaves, 
fruits, or hark. The, H<*a,Ies are of 
the most \'aried form, so that no 
o-eneral deseri|dion (*aii he oiveu of 
the.m. The' H('ah* may he dtdlm'd 
as an af-eumulatiou of texereted 

matter, c'omhiiied with the ciist 
skin oi' skins of tin* luseet, cover- 
ing thi* body eitlim' h^tally or 
partially, and thusading as a shiedd 
under whii'h tin! Hulwe(|uent devel- 
opment takes place. All kocciike 

do not form scaleH ; hut the hahit of 
(‘xca’otiug a larger <juantity of jM'euliar inatterH to the outside of 
the l)ody is iinivtu'sal ; this (*xcreied snhstanec is frtapnmtly white, 
and of a ]>ow(h‘ry nature, and Cot'ciilH of this kind art' known uB 
mealy-bugs. ,ln (diun* cases tlie (cxtidation is like shidl or glass, 

anti the creature nmy l)econn*. (piittt eneyshal thmidn. In this way 

th(i lorms of (Joeitlatt known as “ground -pearls'' a,re formed. When 
first hatched from tlni t^gg (Joctdtlat*. a, re niit.i>like cri.!ature.B, and it 
is only Huhstitpumtly that tint fttmali^B lose, tin* power of IcKa)- 
motion. The fturuxl(*H of uumeronH forms of CaKadclae— inore 
partictdarly the mt^aly-bugs- — do not lose tint iintminiie and legs. 
There is a,lso a group (Brachyscaditics) of (^.for'Cids that live in 
‘ ,7V. Neiv Zeidantl innf, xxvlii. Is*, if#. 



Ft(i. 28 H. ScnhiUuHwa. A, 

canidlittr, on tin*, stoiii of a plant ; B, 
a ri'inuU' scale magnilinU. (Aftnr 
Orenu. ) 
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Tins a.lHUTiuit gTOU}> is, howeTcr, pw'iiliar to 

Aiustmlia ; <‘ls(‘.w!u*r<i vaay iV.w gall -making Goccids luive 

TlH^r<‘ arc. a|)\v;M'(]s dI* <SOO sjKKdes of Coccidim at prosent 
knowu.' Tlni lainilj\va,s inoiiographcd by Sigiiorot about k won ty- 
iivB years a.go^ a-iid sine<‘ tluni tluiro. has boon 
V{*ij niiu'h nmtt.<‘r c(>iic(‘.niing tho.ni ])u.l,)lis]io<i 
in a, Bratter(‘.(l niaiiiun*." No gonoral work 
lia,H publisiKul on tlio britisk Hpjecios, 

but Mr. 'N<*vvKitia<l h innparing ono. The 
clasKi fi<’atlon of hisocMnS ho mi unto a„s Coc- 
cJdmc and with sucdi (^\troinr‘. difToreua’^ in 
the H(CX(?K, is, of (*our,s(^, u. makter <)l‘ gr(*,at 
(lifliculty; tin*. Ix^st di visions an*, those*, giT<*.n 
by (irocn in his (hKrAJtu of 

'The fact tha,t IdHTo is only oiu* paJi’ of 
wings in tlu^ poxioct niah*. ( locc.id would a])p(*ar 
to ally those InstM'ts with tlu*. I)ipte.ra. ; theses 
(. -.beetle lac luive, toe », like, the Diptera., a siiial! 
appcnidage^ on each side of the luotatliorax. 

Witlaczil shows tlnit th<‘S(* littk^ pro(.!(.‘SH<*Hni<iy 
really npn’csciit a. pair of wings, iiiaHinueh as 
they nri! dmaeh )p(*d fiotii iiu])(n'f(w.t folds ol‘ 
hyiKKlcrinis, ij. iinaginiil discs. Ikyond thesis 
filets and tlit? oecurnnice in (*x*.i*ta.in kiniales 
(Margareshesj ofbu, great liintolysiH during the 
post-cnii hryonic dev(do))iiH‘nt,tdHjre isnotliing to indicate any rohe 
tiouBliip between (Tc'cidae. and Diptera- It has Ixxm sliown by 
Rih‘,y tluit tliBHCi littli; ])i‘()e‘(*ssos, in Home forms, sei*V(*, as hooks to 
uttueh or camtrol the true wrings, and this function is n(,‘,vcr u-hsuukhI 
by the Iialtere.H of l>ij)U’.nL Although (j(K!ci.dao u.r(*. plac(ul» next 
Aphidae, yet thci two lamiIi(*H appear to bti really very (liffer’ent. 
Tlie inodes of re])rod action ho peciiliai' in Apliidae acappear to a 
c;ertain extimt in Coccidac, hut an*. asHcxeiatod with jji'ofbmKl 

^ A c'atalogar* of Cowulao ha^ rc.cuutly teen putliHluid }>y Mr, T. D. A. Cottkcrcdl 
in Bull lllimm Lab, iv. 18!)6, fip. mBm<X 

papem arc t<i tc, found in dglitGon parts in Ann. Boi:. enl, JlranGe^ 
1868 tu 1B7S r tlie rnoHt eoiiHiderabk BuIJHiejiiuot Hysttouatic papers are thoso ty 
M»Mkell in tbw 7*ra%M(tdwm nf Uw Nnu Zealand Institute from 1878 to the xireBent 
timii, 

^ ViHxkiue ftj leifimif pt, 1, 1896, p. Ht 
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t’ro. 289. —• JJarJi/lnpvuH 
I mi(} inpinm. ) al is 

on portion of a tig- 
loiU'. (After UerloHt?.) 
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distjilu't.ions. Thouj^h tli<‘ \ s v i|uirnii.' UHihMi ms t * ■«> j imh 

and parliuMint^nni'sis oariir in ^ }»’l i *an\ ? \ 

{•(•|>(/ionaI, and tla'V ai*«* n‘»l ]*nt l»> tin* na*' a ‘ Fa.- | srii 

that; iixhihit. ilia }dianfnu‘*na, Thtia vw h;a»‘ *'»ii IFF in ,\|4i!*i iJ' 

‘radiniis ut ii!a|H*ria('{, i^di^idu:il « ara a Mi'iaM i. 

while, the individual is nnl. tlireatly \t'f\ jUMlFa. la t M-*frLsj* 
the. reverse, is t.he east* tht* ! i«U} ,nr ti Ij.jIii iHiil.ii |i» 

on(‘ a.iietJi(‘r I l'h«‘y <!»> iu>l, as a nda, hdlou unit i \ , and tur 
is usually very |»rtdilie, ! h..u aiula td' yHuns i'-ms ^uur 
tiiu(*.s pretlueetl hy a sinyd** indivi*tnal, llie f'\t i jMidnit! } |f^d\* 
luurphisiii ol* tlu^ speeit‘S <d A]»hitia«' is leU t'\hihi!i'd F} i »?• rid;i»s 
th(>u<»'}i, etuitrary Itt what we lin*! in Aphidaa, i |,r tnalr . am! 
fe.nude.s art*, usually ext'essivtdy diflievn!. 1‘h»M ynnilie : ap 
pareutdy also difliu' in that t’tH-t'idae .th* . |t*'rialiy rfin .i« l* i i; I i« 
of wa.i'iii tdiinates, Ajdiitlae «»! tie* ale lejiMii , 

Parthenogenesis. tHviii ;4 iMlle* fael ih.il llie aie \eiy 

niinul.t* eiH'ut tu’tts, {titallv tiif{ei’<*nt trein the lemale , and liviriy 
hut a, vi*ry slu>rt tina*, they were hut little tnewu i'« the e.ifli*’r 
f)hH(‘.rv(U's. It was (liereidre only natuial le iippese liiat par- 
ti uuine’e.ne.sis was very I'omnion. ttl late year-' tfie' inalrs of a. preal 
nuiny spe.eii'S have heroine known, ho ihal erdiiiaiy sexual lepra- 
(hu'tion uiust he euusidered a the iiortnal inelhMii iu i neeidae, 
a,ll<hough, in tin* great niajorily of e.H.*a*H, I he nia!** is :Uill linkiiown. 
It lias, howe.ver, hern .shown in nuiut'rons ea^es that pai 1 lie-ii**geiiewm 
may oeeair (^vt*n when males exisf. ; ami thiu'e are seiiie alniiidaiil 
Hpueies of wldeh it has not hern pii‘H=ihle le limi a, iiiile. In 
1887 Monie/9 annoiineetl that he had t|iseMvei**d the mule of 
Lfuumiiff/i. jieH'prrldvw oun* of tin* iieiurimiHly p#iii henogem'*! ie 
Hpuciiis) in an ova,rian eulale-sae in the f»ody of the female, and 
h(; tlmndoi'e eonsiders that, nexiial reproiinei i**ii or’enrs. Ife doeH 
not say how pairing takes plm-e, a.nd we are iio| am ale that Id^ 
oliservation luts heen {‘ontirmeti. If eurreri it will !»* iieeess,ury 
to reennsidm.’ tin* wlarle gnehdioii as to parllietiej^tiuif'sis .in 
(Joeiddae. Apteroim inules are knowii in two or lliiee .Npi'a'ies, 
The p('iHt“einhry«)nie. (levelijpinent of r«M'eiiiiM' is of the iiioHi 
niamual cha.raetarr. It in (|niUi different in the iwit Mines, aipl in 
each of thcun it prenentH features not found e!-*ewli«*re. If tins, 
however, as yi'.t lieen Htinlir*d in only a few htriiiH, atiii i*veit iii 
them is ineornple.hdy known. Wlien haif.^'Iied from iditM egg 

^ (-. H. Ai‘. Hei Pftrin, vh\ I US#, |». -Mi*, 
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the young Cot'cid.s are all similar, male a.iid female being indistin- 
gaislialjle. A difference 
soon appears, with tlie 
resLilfc that the male, after 
p)assiiig through more 
than one pupal eomli- 
tion, apjpears a,s a, winged 
Inwect. The femalii never 
liecomes winged, l)iit, if 
we may judge from the 
iiicoinplete accounts we at 
present possess, tier de- 
velopment varies iiiuch 
according to species. In 
some she retains the L.^.gs, 
antennae, and nioutli- 
organs ; iu others she. 
loses tliese parts, though 
retaining the original 
form in a general inanner; 
while in a third (Mrfr- 
(jar odes) she heconies en- 
cysted, and apparently 
suffers an almost com- 
plete liistolysis, reappearing after a very long period (it is said 
it may he as rnucli as seven years) in a considerably altered form. 
The post-embryonic development of Asiyliliokis oierii has been 
studied l)y Scliinidt ^ Jinil Witlaczil,'"^ wliose accounts agree except 
as to some points, such as the number of cedyses. The young, or 
larva, is hatched with fairly well-{levc3k>ped legs, antennae, and 
rostrum ; tiiere is no external diffeence between the sexes. The 
larva selects some sjxjt on the jdant and drives its rostrum therein, 
thus becoming lijxed; nioiilts occiu', and the body excretes waxy 
matter from its sides in processes that fell together and form the 
shield; the female becomes much larger than the male. The 
legs and antennae of botli sexes disappear, so tliat the power of 
movement is completely lost. The mouth-parts also atrophy. The 
female after this undergoes no further change, except that of 
grow til in connection with ovarian development. The male, 
^ Arch. Mahiirgesc/L li. i. 1885, p. 160. ® Zeitsehr, Qjoiss. Zoul. xliii. 1886, p. 156. 



21KJ. — InsfcaTK of hmtAiloyms cUri. (After Ber- 
lese.) A, Egg; B, young larva ; C, first male 
nymph ; D, second male iiyitipli ; E, adult male ; 
F, adult female. All equally magnified, x 20. 
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h(>W(W(*i\ c()ntimu‘S (Ic.vtdopiiK'iil. ; in>{Avil li.slainiiii:i tin* i iii 
biiity (>r ttikiui;* food, owiiiLi; (a iIh* ahscii<*<- td a. inonlh, it iiu* ivaat'S 
much ill size., mul iJu* uri»;a.ns of Iho. tuliin* jM-rtori liisfci 
('.omimviK'.c to (hwcloj) IVom iiuay^'inal <iisrH in n iminuor >‘i{uil;ir to 
thuf which oc'citrs iu Ida*. I >ip( <‘r(»us ; 4 i‘n us ; im niuinh- 

jiaats aia*, liowcAua* (Ii*V(' 1 <)|km 1 , Imu ut;' lum’rly i-ti hy 

spobH of or ru<liiiu*.ntii.ry atlii it innal oyvs. Th** wiii'j.N 

nrc (l(‘,V(do})0(l outside, tlii^ laxly. I )il'ii'reii<*o of o|iiiHiiii jtivvoi}^; as 
to the. uatun^ ol* tlu‘. iiishirs het.vvcou tho yoinu^ larva mul the 
iimio'o. 1 1 is clear, however, that Ki.tf. li‘.M . I ), eorro. pnuds tdrly 



Ka.r 291. — I>('V«‘lopiijriit of junU* of J. v/ #<//<'*. A, .Xfwly '.mvj; B, 

j>ra(*“[)Uj>al iiostjir ; C, jiuiin Uciarc ; D, o>!|«a Ai'aily Uf'losf' !li»‘ rjyc} 

of till*, ii,iia|i;o : f/f {lutcinia; T, *•)•«•; /, wiuca adiforra , Rr* , |(:irt o! 

ruoiith-m'KatiH. ( After Wrltmiilt.) MatojitimUfO }s*tt ifrt, jafelv .i?;!!* '!. 

with th(^ pRp'J* Insects with t'oiujihie nu'laiiiMi jdioa mel the 
iiiHhu’K slimvii iu Fi^^ 2 iM, Ih t \ may j hcrefon* h- Fxiki'if mi as 
(^({uivHlent.M of the n‘Htin^-lurva slafie of oi-diiiiiry liisorls with 
coiii]d(daa iiKatmnm’phosis. Wit laexil eousiders « icvt'lo| aiieui 

to he n caiudition id’ iucorii|dete, a|/| iron* h lire ^*ay Mejirly fo 
eoni|d(‘,t(‘, metaniorjdiosiH. The emuhlioij in |«'j|ia|»s inen* piv 
clsalj <*HtiniuU*d if \V(* m-'olle(*t [.hat \viue*'*I liie**er‘-. iire- iliviih-il 
into two writaH, in oik*, of whii’h the wiiejs ar#' d«A<dopi'»| oiiiKiilr. 
the body; iu tin* oitim*, insidi^ tin* hody. The !ir^«e*|H vmy* 
coiii])l(‘t.(,i lucTaiuorpiioHis all l»i*htiio to ihe Mroud ?»f fAVo 

series, while iu the mule (hif'eid wc Imvi* l.ho iii|,dii:r 4 . toriii of 
inotamer|ihoHiH attained hy any of ihe first, series. As re^ifanls 
the diwcdopinent of tlie fcinnic (»iif 'V hI.i*#! nyifijili or j.ui|ia, 
previously aliiulecl to as I itdiig foiiud in the ** ‘^010,1 mi >.|fea.iis ” of 
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tlie genus Margu.Todm, we can at present offer the reader no 
satisfactory account. ‘ 

Products of Coccidae. — Honey-(l(‘.\v is secreted ])y ( V)ccida,e, 
])ut as a, rule not so extensively a,s by Aphidac^, and som(‘. otlnn* 
Hoiiio])tera ; nevertheless, it is oftcui snUicient to nmke the ])la,uts 
frequented l)y (loccids very sticky and unckuiiL Some s])(‘,(vies 
make a really (^.xknisive. exudation of siK'h mattcu’. Rea-umur 
records tha,t a. Coccid, whi(*h is deid)tle.ss Lriuttiiiiin 
(‘-xcretes a su])])ly of honey-dew that dri])s to th(‘. ground ; he says 
it tastes swetd a,nd nice. The in<a,nna, mentioned in th(‘. hook of 
Exodus is ]m;tty (airta,inl}^ the ]ioney-d(}W s(‘(a'(d(^d ])y (Jorr/UH (now 
GoHHjfj}arla?) ?////. which lives on Ttiimirix in nniny j)lac(‘,s 
in the Mediterraneaai ha, sin. This suhsta.nce is still ea,llc‘-d hy tli(‘, 

Arabs “ Man,” a, nd is us(al as food; in its Jiatui'a.l sta,t(M’t is a 
su])stance very like liom^y ; it is doubtless (‘xcrekul hy tin* 
Coccus, a,nd is not pi‘oduc(‘d directly hy i/h(‘. T(cm,((.rix as some*- 
have suppose<l. Wa.xy nia.tt(Ts a.r(‘. ])ro(lu(XHl hy scivera,! (Jo(icida,e. 
Gfiro'pUf.stcH ccn/fvruH, a' Lecaniid, produc.(^s white wax in India,. 
Oeroplastcs is a widely distributed gemis, a,nd various spiudes of it 
have been used for tin*, purpose ol’ ])roduciug wa,x in otlnvr paa'ts 
of the world. The white wax of China is umhn'stood to h(*, ])ro- 
duced hy another Lecaniid, l^h'iccrus pda ; hut litth*. is known a-s 
to this Insect; it is said that tin*, wax is prodiu'tMl hy tin*, wingiul 
males. The suhsta,nc.(^ was fonn(*i*ly grea-tly prized in China,, ))ut 
is falling into disuse on account of tin*, introduc-tion of K(‘,roKen(*, 
IjJiC is produced i)y Carierla larca-, a IjOcaniid living in India, on 
Anona, s(/ii(mom, as W(‘,ll as on s})(*cies of Fleas, Jiluimnus a,nd 
otlier trees; the hia is tin* she.lly scab*. ])roduc<ul hy tin*, Ins(H*,t 
as a covering; it is com])0S(‘.d in larg(M’ pa,i't of resinous iua.tt(*.r, 
with which tluu-e is inix(^d a, coni] )a, rati vely small (juantity of wax 
and other su1)8tanceH. The body of this Insect a, Iso affords the 
red substance (*all(*d laktc Va,rious speci(is of KertaeS formerly 
afforded a ‘red dyewtdl known to tin*. (Ire.ijks and Romans. Th(*H(} 
Insects live on Q;up/rcm coccifer((> in tin* M(alit(*.rranean r(‘-gion. A 
medicinal syrup is a, Iso o])tain(‘.(l from the.m. Porph.yrophora 
pohmicay^m used in North and (kmtral Europe for tlie. Ha,m(*. ])ur- 
poses as Ke/nucs ; it is a Loccid living on tlui roots of Folyf/o'mmi 
cocc/tferutiL Th(^s(* Ikiropean lusecits werci i'eplac(‘d ('ommercially 

^ For hummary an to our ju-eHiuit knovvlodgc of this curious ('.onditiou of luBccst 
life, sec Mayet, Ann. Hoc. cM. France, 1890, |i. 419. 
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{ifli(‘r th(‘. (liscf>v(»ry of ,Anu‘ri«*n. by tin*. f ii; ‘‘f I , ^ 

mrLl, a- M.(‘xica.n (Joccid IViMliii- (ai a ( 'a.'tas rallyd Xn|al 
{()pu.ntl(t romnrlliJ\^r(t). This I iisrct was suhs(‘(|iu*iit ly in! nnlurpil 
to th(‘. Ka,st<<*rn laanisphta’o, and was ostahlishod witli nioiv 01 
less siU'.cass in a. Ioav spots on tlio l>oi*<{o!’s ol llic .Xh'dit so laii^’an. 
In the. (>a,na,ry Ishunls it {lourishnii on otlior sp^*oios of 

iH^oanin a.(*diina,tis(‘(I, a,inl was tlnM^jocl of an ox! .niKd o c^auinoivo. 
Tlio. oolonr in tin* (*a.si‘ of all tln‘S(‘ Toorid dvfs was ohlain*‘d from 
tli(‘. l)odi(*s of tho ■Ins(‘(*ts, in the tissu(‘s of whirh it i.; mnlninM. 
Tho dy(S liav(‘ now htani hir^ivly ilispiacaMl in ooinnnnro by {In* 
dia’iva,tiv(‘,s of Anilini*. Axin is pnalurod by tbo Moxioan < oiaad 
IJitmlif. (U'hivii ; this Kui)stan('o a]>fM'ai’s to hr of a vorv pomliar 
laitun* ; it is appaivntly chiotly fatty, and contains a pooubar and, 
axinic a,(*Jd. Axin is used as an rxtornal inodirinai appliralion 
in various affbc'tions ; and it- is alsii oinploy«*d a?- a \aini.ij. it 
dri(‘s a,nd Inuahuis on oxposurr to t-ln* air, and is said to ho ot 
consitlonihh* valuod In our Ihdtisli -vnus (hihriitf t lo* body of 
th(‘- IVinalo is coinplottdy ('(jvorod with a svtuinol rioal .aiow uhifo 
arnnuir, from whicdi piaijoot tho ])ink loy»s and antomiao, lid'* is 
ono <d‘ IIh‘ foi’ins in whioh tho ioinalo prosnvos iho lo'4s to iho 
(‘lid of lim* lifm Tho ohji'ots oallotl ormimb poarls, aln^ady {dlmlod 
to, ha.vi^ lon^' h(*on known in various parts of tho world, and in 
Uh‘ island of Ht. VdiuM^nt thoy aiv siiflirdi-ntly lar^o Pj bo oolloofod 
and staain^ for nookla<‘os. d’hos(* bodies are fbo (ito\.*tr<| pnpa«' 
of t '()(*, oids of tho oonus . lA/ /•//// /‘o/Z/'.s ; tbo oy.H| i.s said to bo oi 
(‘bitin. ;)/. r/7/‘.s o(amnits s«‘rious rava^os on tin* vinos in riali 
by suf'kin^ thoir roots, and it is pi*obab!o that ai! fin* spi'oii^s aro 
of subt(‘rniiioau habits; this would partial!}’ (*xp!ain tho laot. 
that V(‘ry littk* is known about tbo IdHt^ay ot lbt‘-4‘ p^-ards, 
tbouoh naturalists hav<‘ Ikh-h aoiinainioii with tlioni for man} 
yoa.rs. 

Thc^ ^all-inakino < VK’oids of liio ^roup iliaidtysooiidoK ftaxa* 
mdy lai'ontly bt^tui a.t all invostigatod : fbo pudis ih«w .uivo riso 
to an* sonnddnn^s about a foot in hii^dJn and tlion* appoar to ho 
nunnu’ouH speidiw and Hitvtu’al ^tsmn'a in Australia ; tlioy an* 
(‘Hpordally abundant on Kne.al i/pt kh and Aoaoias, 1 bo foiiialoH aro 
highly romarkabh* from tho variablo oonditionH tin* I 04 H assunio, 
so tha.t in Bonn* (',us(*h tJioy may hr do.Hf'ribod as ldp«'d i nsoi'is, tho 

‘ r’oi'additnnjal iiilbnimtioii an to uhtUiI Coi^ada*', hw' Bkiiidord, UhM. sV«,'. 
Fr(/acf^ viii. IBBli, |». iil7. 
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hind legs remaiiiiug, though the others have atrophied^ Very 
little indeed is known as to these Insects. One of the most 
peculiar points of their economy appears to Ix^ tliat tlie gaJls 
giving rise to males a, re different troni those ])rodiicing females. 


Anoplura or Lice. 

Small ImecU witli. thin in/fyu/nent ; f /Uirdy ‘unnrjh.sH, the 
three thoracic serjmenU separated ; the head 

hearing in front a short tube furnished with ho<dcs ; from vdddi 
tube there can he protruded- another rery delicate sy-cldng- 
tube. Feet terminated by a. single long claw. The Anoplura, 
Pediculidae, or lice are disgusting Insects about whicli I)ut littht 
is known- The most contrary opinions liave Ijeen expressed as 
to their mode of taking tlieir nourishment, wliicli is, without 
exception, the blood of Manunals ; on tlie bodies of which they 
X^ass the whole of their life. It is a, most 
difficult matter to examine tlnur mouth ; 
tlie best information on this point is givtui 
l)y Schiddte and Gralier, l)ut though these 
two authorities agree, tluur results arc* v(*ry 
incomxilete, and do not warrant us in ex- 
pressing a (‘-on tidei.it opinion as to tlie naturci 
of the relationshi]) between Hemi}>t(‘ra. and 
Anojdura — a (piestion that lias been Ibr 
long a moot one. d'he short tube, furnislied 
with hooks in front (Fig. 293, d) is con- 
sidered to be tlie lower li]), and tlie tube* 
inside is, it is suggested, a combination of 

1 //.S', $. [lUlTlllUl lK‘5ltI. 

the homologues ot maxillae and mandi- (Ainr Piagia.) 

Ides ; there is also what may be a labrurn 

{(f) ; and inside the head a tramework, at any rate a,na]ogous to 
if not homologous witli, tiie x>arts of this kind we have described 
as existing in Hemiptera. All the parts, with the ex(.^eption of 
the basal tube or head of the beak, are of tlie most minute and 
delicate nature, so tliat it is difficult to see their form or com- 
prehend tlieir relations. It is evident that they are very different 
anatomically from the, mouth-parts of Henuptera : still there is 

^ RubHttartKiiii’B paper on these Insects gives njl'ereiiees to most of the previous 
literature, Berlin, ent. Zeitschr. xxxix. X894, p. 199. 
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sufficient general resemblance to warrant tli(^ Ixilief tlia,t the parts 
in the two niaj ultimately be shown to be also laorphologicjilly 

similar. If Meiiieri/ lx* eorrc'ct, tliis 
view will, however, not proven to ]ia,ve 
any founda,tioii. II(‘ ('Oiisidiu's that 
morphologically the moiitli of the louse 
has no similarity to that of tin* bug; 
the protrusi])le. pjirts iii the tbiamu- hi‘. 
considers to modifit'ations ot‘ (‘pi- 
pharynx and hypopliarynx ; and tlu^, 
rod-like structures to be hv])o])ha.ryiigea,l 
"*• 

Chitinous envelope into different flX)!!! tliC S(dia.(^ ol l>ugs.^ ]b‘ 
which, the beak can he with- - i t • , t t i ■ ^ i r 

drawn; head of the beak, Considers Licc to be. a, distllK'.t (Inl(‘r o{ 

with crown of .spines; g, InsectS for wllicll lie ])ropOS(*S th(‘. IiailK} 
labrum ; delicate tnbe q • ^ 1 . 

protruded (very rarely seen ^iphUllCUiata. 

in this state) ; w', unpaired xiic alimentary caiml and muwous 
muscle. ^ li b, /. n r ri . 

system resemble those* oi ,MaHopha.ga 
more than they do those of Heniiptera. Tin* (x^sopliagus h^ads 
into a large stomach hilobed in front; at the. postmaor {‘xtr(unity 
of this there .open the four Malpigdiian tidx^s, and Ixhind tlu^sii 
there is a well-marked small intestim*.. Th<‘ m*rvous sysUmi 
consists of a cephalic ganglion and of thr(;e otluu’ ('lo.sely ai>proxi» 
mated ganglia, the posterior one tlu*. lurg(‘r. It immiins 
doubtful whetlier or not the first of thesis tlirci; ganglia is the, 
infra-oesopliageal oiie.“ 

The species ol lice, so far as known, a,n^ not minuM’ous, sonu‘ 
six genera and about forty specie's Ixung all that are nxjorded ; 
they occur on, yitr^ous kinds of luanimals, inchuiiug some that live 
ill water. Seals ifavc^ a genus, to ilHum 

Monkeys are specially liable to be alfected hy lieu: tlu' gmiiis 
that chiefly occurs on them is PedicinitH^ a. viuy distiiu't om^, in 
which there are only three instead of five joints to the. autmniae. 
Perhaps the most remarkable lousti is IfaetiuUiywyzu^ fJrpli anfin^ 
that of the elephant; it has a long xiroboscis in front of the }H^a(l. 
As a rule each species of louse is confined to one sptxueH of* Mam- 
malia, or to' very closely allied forms. Man is said to ]m hdmUtd 


‘ JUnt, Meddel. iii. 1891, p. 82. 

Cf. Graber, Zeitschr. wiss. Zuol. xxii. 1872, p. 185, and .liimdoi.H in iltu same 
.Touriial, xiv. 1864, p. 24. 
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Tdj tliree species, J^ediouhcs capitis, P. vesthrimfi and PMMriits 
inguincdis ; Meinert is of opinion that P, capitis and F. vcstimmti 
are only one species, and Schiddte appears also to Lave thougdit 
this probable. Andrew llurray was of ophnioii that the heads 
of diiferent varieties of men are infested by distinct varieties of 
F, cctpitis. Ilis conclusion was chietly based on exainination of 
specimens poreserved l.)y diaries Darwin ; it rerpnires confirmation. 
Yeiy little is known as to the life-Mstory of the louse. Leenwen- 
lioek made himself the corpus vile for an expierimeiit, from which 
he concluded that the Pcdicuhis 'vestmienti is very prolific. That 
scientific men did not know whether the louse bites or sucks was 
formerly made the ground for a taunt. Schiddte has given an 
almost pleasing account of the way in which lie settled tliis,^ 
showing that the sucking action is liejoud all doubt. Accounts 
of disease called Phtliiriasis, attributed to lice, are to l)c found in 
many old hooks, but the evidence does not warrant us in believing 
auytliirig more than tliat persons suffering from some disease, and 
ill a neglected and filthy condition, were horribly infested with 
these disgusting Insects. 

It is usual to say tliat Pcdicailidae are Hemiptera degraded by 
a long exclusive pnersistence in parasitic habits. At present, 
however, tliis must be looked on as a pious opiinion, rather than 
as an induction from our knowledge of tlieir inorpliology and 
embryology ; for this is at present too inipierfect to warrant any 
filial conclusion. 

^ Ann. Nat. Histortj (a), xvii. 1S66, p. 

((AQd 



NOTE. 

SiiK*A‘ tlu* jv.iuarks on tin*. ('lassin<'atioii <»C l{ ymcHopt<M’a. urri- written Mr. 
W. 11 . AHliin(‘a(l has puhlislud .several iinjiorlaiil pa|H‘rri ]>rojHi.«-in|j: a e|a,».h- 
lioalion to a eoiishlerahle extent new. lie adopts ! O snperrainiJie.v and iM 
families, ilis views are snmniari.sed in l\ (\ *S'. Mu.f, xxiii. No. I ‘ant 

Pastor Konow has also discussed this Hui)jee,t in Phtf. Xarhr. xxiii. I Ht)7, pp. 
148 - 156 . 
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Alxlonieii, of C'hn/^ns, 2 ; (il‘ Coleoptera, 
185 ; of Dijitera, 445 ; of Memiptera, 
538; of , Leiiidoptera, 313; of Thy- 
saiioptera, 528 
Abdominal legs, 9 
Abeille-perce-lmis, 33 
Aheille tapissiere, 51 

Aimpa, 17 

AcxmitJhhdoHa, beetles in, 213 
Acalyptrate Muscida;, 

Acanthia, 5€0 

Acanthiae, 544 

Acaiithonieridae, 483 

Amnllummia r/rimini, 540 

A cari, relationn to Insects, 220, 223, 238, 530 

A cmtropvs, 425 

Acephalous larvae, 449 

Achre i o pte rn , dIO 

Aeraehles, 350 

Acridinm. maronamim.^ 254 

Acroaera, (jloindvH, 490 

Acroeeridae, 4H9 

Acronycta, 418 

Addas lima, 374 

Actiidae, 510 

Aciitilingues, dO 

Adapted excrement, 284, 284 , 380 
Addops^ 221 

Adensainer, on AscodipUron^ 520 
Adeplmp, MW, 200 f., dJO, MU 
Adimeridae, 240 
Adirnerus setosus, 241 
Adlerz, on Fmnuicosxnus^ 160 ; on Toinv- 
(jnaf.hus, 161 
Adminicula, 327 
AMeSy 455 n. 

Aegmiy 387 
Aegeriidae, 386 
Aegialitidae, 265 
A egawra IripaHitay ‘1 1 1 
Amidtisy 1511, 170, 7 SO 


.\(ut.ufiiu(t.iai< UatlduleSy 495 
Amlothrlpn jdsedda, 628 
Aepophilidae, 559 
AiijntSy 205 
Aerostatic setae, -1 08 
Aid-ostats, 449 
Aganaidae, 408 
Aguristidne, 570, 571, 410 
A<jdisU‘s, 426 
Agdistiiiae, /pAG 

A(f(m>la cadninat'ia, A. kjpdlpatmis, 105 

A(p'.ronia, 351 

Aglyajdercs sd.ifer, 298 

Agl^'-cyderidae, 297 

Agroinyzidae, 504 

Afjrofis, 415 ; A. sjiliiu., 417 

Aiiuatle, 504 

A lama, 550 

Afaoporie, 179, 180 

Alar organ .s — see Wings, Elytra, Tegniina 
Aletia xylinas, 410 

xllmrodes /ovmicvo*, 592 ; A, IwmHcuhda, 

691 

Alenrodidae, 591 

A India, /pAO ; .,1. pd-ytlacOjla-, 426 
Aliicitidae, 371, 42fi 
Alula, 447 
A nmra, 205 

Aniher, lusects in, 144, 259, 458 

A'mUyoixyne, 180- 

Aiublyopoiiides, 132, 180 

Ainhroshi, 295 

AmhryUiH, 409 

AviicM (j'aadranrf'tdwi'i.H, 394 

Ammopdiiht, 111 ; A. afflnis. 111; A. 

hirsiUa, 111 ; A. hidxKserimi, 1 11 
Amidiicyrtides, A4A 
A mphidasis bciidana, 412, 414 
Amxdiiodout, 193 
Ampliipueu.stic, 450 
AnijthirMfC hcontei, 207 
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Ainphizoidae, 207 

Ait(puU\i: r.om/nrssa, 114, 115; A. nr/i- 
rtirttls, Ilf) ; ,1. .sihirliuf, 11-1 
Aiupulir.i(l«‘.s, 114 f., 169 
Aniyct,(iri(h‘.s, 201 
Anal armature, .‘128, 41(1 
Anal m;rvnr(!K, -‘118 
An(f})}it\ .‘>70 

Anaspini, 207 

A tuntpis^ 208 

Anatomy — .se(‘ ExUu’nal Sirtn-tun- ami 
Internal Anatomy 
A nehor- process, 45!*) . 

Anci(mt, Lepidojdcron, 125 see also 
l*riinitiv<i 

Ane.ylolominae, /piA 

Anf 'lrrmt^ ;A/, 25, 20, 201, 202 ; liair ol, 
11 ; 4'!. 4K8 ; J. nitp'nni'mut, 

22 ; A. ovuKt^ .‘10 
Amireiiid.'K*, L*0 
Andreni(l(‘s, 22 
A ii<lir/i()tior/i/tfp 28H 
Andrenoides, ‘.J(l 
Andrf)e.oui.a, 2.‘51 f. 
il nr/y<rf(‘s af niluf 160 I. 

Angelitos, 02 

A n isnp(ci'!i,ii (tvHCufitrui^ 4 1 1 
Anlmtmiha elntidmomi'u^ 222 
Anisot(>niida(% 

AniHot(»inides, 222 
Anlaf^en, 142 
Anoliiide.s, 247 

AnobldHi, 254 ; A. pdniri'(i//i^ 247 ; A. 

248 ; yl. ft'ssi’lhttu m, 248 
A'tumhrlm <jh(Hnnl^ 174 
Anonmuf, 178 
A noph (h aim 20 .5 

Ano])lura, 500 f. 

Ationia crippitit, .1. metiippt\ 245; A. 

ph'xlppKs, 307 ; larva, 324 ; pupa, 327 
Aiitiuinae ; nf Hdmlidmu 666 ; ut'llieK, 441 : 
of LanjeIli<!oniia, 101 ; of D^pidoptern, 
207 ; of l>uUerflie.s, 340, 211 ; ofSphin- 
gidue, 380 
A /UhenijfJup/HHy 225 
Antliiei<lae, 200 

A'/U/iMimi, 45 ; A. hHh’i'nfiHnu 47 ; A. 
dUidv.ind^ 45 ; A. muniriiimiu 46 ; A. 
aeptenidrntid dm, 47 ; A . Hlntjtd u m ^ lUt 
A%ihoc(rpd,^ 51 
Aiitljocioridae, AC>0 

Anthomyia angitHllfron.H^ A. hroHniiua,, A. 

cana, 500 
Antliornyiklue., 500 
Anthoplula, 10 f. 

AntJmpkoraf 22, 22 ; destroyer of, 272. 
274 ; A, permmt.la, 22 ; .1. p'dlpvH^ .22 ; 
proboscis of, 17 
. t nlhothrqm ac.idmtii„ 520 
AniliracidcH, 480 

Anthrax^ 480 f. ; A . jhirnlndts^ 4«H0 ; 
irifamdidxp 4 4 


* A nfhirft ifsJ’tfsrifffHu, 241 
. Anthribidac, 27^, 200 
, Aiit is«jfiama, 448 
^ Aiitif.egiila, 4 17 
Aut-jdaut, 138, 122, Id"! 

, Aids, 12>1 r. ; and Aphidar. 5'JM ; and 
j <*at.erpillars, 2,50 

; Ants’ uest, luscrl ,, 2*n». 2 12. 221, 22.2, 
224, 225, 22 1, 220. 2 50. TrD ; larva, 
501, 502 
; Anus, 314, 320 
Aorla, 320 

' Aiirtni (diaittOcr, 320 

A piift' I'lf piicluti^ 240 
Ajinfr/tf, |jS 

. I ptdh ft:: / * -if jf ip- it;: ^ * I . \ . 

Apatidae, 24^i 

AjHdiu’if : larxae, 2.5t : .1, /> . . 344. 
Apaturidc , 25‘2 

.4 phtti i\ ! 04 . 1 0.2, 22 I ; J . a Xi-m* d m;:. 

104; AjHithnnty, 131,164 ; d . 

i 101,210 

Ajdiauijitcra, 522 1. 
i A phd ttitrtpjnd d „ 22N 

A 505 

Apiiid.te, 58 ! f, ; and ant . ! 8! 

Aphidiides, fdO) 

. A pIuH dfffidi t'ifiNri.s, 5H I 
I A /Am/tUif 121 

I Apid:e% 10 f., 20, ,IJ 
A {lioccridae, 452 

i .I/o'.v, Ad ,■ .1. dthtdsiutii, fit* ; . j , 
i OH ; .1. t/m'sdfft, f»2 ; ,, I, .1, 

' tujdHtd'tp 08 ; A, 0<5 f. ; [cfd. 

I oi’ ipo'cii.. ami wrul.iTa 69 ; lijpila nl\ 

; 16 ; unrKcr .and liair a 12 

\ Apddtf, 402 ; A. fixftfdn, rfe., 401, 402 
I A p‘»d idae, {P2 

Apdidu ptdfidtp ne-d, Hd 
1 Apnritt vnfff/ngp .'122 

’ AjJpetjte, 401 
, I pft’ratfipitp 9f» 

A/dfrntiffy .'llO'l, 394. .1. *x'txttdtda, var. 

hr/ij\ 20, a 

Aptenms. j h 7, 20d ; bminlrn^ 05, 


90, 

MO, i 

171, 174, 

315, 

392 

393, 

407 , 

413, 

430, 

592 - ’‘js 

* ailsf* \Vt 

*rk*'r'i 

: hi 


05, 

90, 5(o5 

471, 

. 49 ; 

q 190, 

518, 

531, 

581 ; 

; iiialeH, 110, 

160, 

101 , 

172, 

585, 

591 







Aquatic ; « at.erpillfu\ 277 ; rtmtumh, 2H0 ; 

liirva^ 421 f.. 425, 501 ; pupa, 4*23 
Arndidae, 550 
J rnditn ttrif'HitdiH^ 550 

A rwaceptfM, 200 

At’duHmtd h rnHiu ,4. 353 

Arladidfie, ./O'.O, 390 
Armwf, 373 
: AreliiapidjM*, df 
j Arcluapide.'O .2/ f, 

I A ref iff w/q $08 ; d. /vi/wa#, ||0 
1 Arefii<{af, JTP, /ppp 4oh-, j/n 
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Argivctj 414 

Argy7inis, larvae, 354 ; A. /japMa, andro- 
conia, 332 

Anjyromoelm. aimvata, 76 ; A. trifasciata^ 

486 

Arista, 442 
Army- worm, 416 
Aroiiiia 'moschata, 188 
Arthropterus, 214 
Asclcra caentlea, 267 
Ascodipteron, 520 
Asms7'hoptTimi lippuhnny IGO 
Asilidae, 491 

AsiluSy 492 ; A. crcihro7iifo7'wi.% 441 
Asparagus-beetle, 281 
Aspidiotus mmdliaey 692 ; A . nerii, 595, 
development of, 596 
A spidiphomSy 246 
As^iidoiiimpha, X'upa, 283, 284 
Association, of Anergates and Tetm- 
wmrmm, 160 ; of ants and other Insects 
etc., 180 f. ; of Fortndca and Formi- 
ooxemts, 159 ; of Strongylognathtis and 
Tetrmmriwny 162 ; of T(miognathvsQ.xiA 
LeiMhoi'ax, 161 
Astata hooptiy 119 
Astatides, 119 
Asteidae, 504 
Astomella liudeni, 490 
Astynomus, 285 
Atemelesy 225 ; and aut, 182 
Athericerous, 441 
Atherix, 481 ; A. ibis, 480 
Athous rhomheus, 267 
Atmctocems, 254 

Atrophy of mouth and stomach, 310 
Atta, 137, 164 11 ., 165, 502 
Attaxus, 873 ; A. atlas, 373 
Attelabides, 291 
Attini, 158, 159, 165 

Attitude, 381, 384, 385, 388, 412, 413, 
425, 429 

A ty lotus ftdvus, 483 
Autocrates aenea, 275 
Autouieris, 373 
Axiii, 598 
Azleoa, 158 
Azygos oviduct, 321 

Badamm exclamationis, 365 
Barrett, on increase of melanism, 414 
Basket- worms, 393 
Bat-parasites, 521, 560 
Bataillon, on metamorphosis, 306 
Bates, H. W., on classification of butterflies, 
344 ; on homoeocliromatism, 351 ; on 
Megacephala, 201 
Batesian mimicry, 337, 339 
Bathyscm, 221 
Beak, 532 

Beauregard, on vesicating Insects, 275 
Beaver, Insect on, 2^9, 221 


Becher, on mouth of Diptera, 444 11 . 
Bed-bug, 559 ; enemy of, 558 
Beddard, on animal coloration, 339 n. 

Bee {i.e. honey-bee) — see Apis ouellifica 
Bee-louse or -tick, 520 
Bees, 10 f. 

Bees born of carc^ases, myth, 49S) 

Bees’ nest beetle, 235 
Bees, stylopised, 300, 303 
Beetles, 184 f. 

Bellesme, on buzzing, 19 
Belostomi<lae, 534, 565 
Bembecidae, 482 
Bembecides, 119 f. 

Beinhcx, 509 ; B. rostraia, 4, 120, 120 f. ; 

B. spinolae, 130 n. 

Benchucha bug, 559 
Berosu.s, 218 
Berytidae, 548 

BiMo, 476, 476, 477 ; B. m.arcl, 477 

Bilnoiiidae, 475 

Birds and butterflies, 338 

Biscuit- weevil, 247 

Bitonia' crenata, 233 

Bittacomorpha, 473 

Black-fly, 530 

Blanchard, on flies attacking man, 517 n. 
Blepharoceridae, 464 
Blind beetles, 205, 221, 233 
Bliss its leifcop)tervs, 548 
Blister-beetles, 269 

Blochmann, 011 founding new nests, 145 
Blood-sucking, Dipteni,. 457 ; Mosfpiitoes, 
467 

Blood-worms, 468 
Blow- flies, 511 
Blue-bottles, 511 
Bogus Yucca-moth, 433 
Boletophila luminosa, 463 
Boll- worm, 416 
Bombardier-beetles, 201 
Bomh'its, 53 f. ; insect in nest of, 221 ; fleas 
in nests of, 525 ; parasite of, 94, 4.97 ; 
proboscis of, 13 fl, 14 ; B. agrorum, 54 ; 
B. lapidm'ius, 54 ; B. ^nuscorum, 57 ; B, 
variabil'Ls, 60 
Bombyces, ^67 
Bombycidae, 508, 375, 406 
Bombyliidae, 485 
Bmnhy litis major, 488 
Bombyx tnori, 375 ; B. yatuamai, 325 
Book-worm, 247 
Borboridae, 504 
Borborus, 505 

Borocera madagascanmisis, 405 
Bostrichidae, 246 
Bot-flies, 614 
Brachelytra, 224 
Brachycera, 441, 454 
Brachycerides, 291 
Brachyscelides, 592, 598 
Brachytarsus, 290 
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Bracoukliie, 590 

Hnulijpus imu(Mi(ftn\ Tiii(‘i<l on, 

Ikuliiiiaeidae, ,76*.S', ti74 

Ik’ain, 320 ; f.eplialic and llioranic, -MO 

Brandiian, 208, 2'M 

Brands, 332 

Brassolides, 349 

Jh'dthiu.m, 22 .‘> 

Braiier, on Dipterous larvae, 451 ; on Oes 
tridae, 514 
iimuUi coertt^ 520 
Branlidae, 520 
Breastbone, 459 
Breeze-tlies, 4 43, 481 

Br(.‘itenl)ae.li, on })rol)osc:is o! Lt*pidoptera, 
311 n. 

Breitliaiipt, on prolioseis of l»ee, 15 ; on 
deglutition of Ix'es, 18 
Brentliidae, 295 
Brc/tfhifs (luchnrat/dy 297 
Jinphos 11 of ha, 415, 416 
BriinstoiKis, 357 
Jh'())Uf‘s ■//fd/mfirs, 234 
Brown-tail moths, 407 
Jiruehidae, 275 

Jirmh:u,'i jind />. fruffs^ 277, //. /ffs/\ 

277 

418 

Buekell, on develoj)nient of jiutOom, 335 
Buflalo-gnats, 477 
Bugon^^-moth, 417 
Bugonia-inyth, 499 
Bull-dog ants, .171, 173 
Buirs-horn thorn and ants, 15S 
.Bumble hec~~.s(‘(': liooi/ufs 
Jluprestidfie, 251 

Buprestis atlemiaia^ supposed larvae of, 
252 11. 

Burgess, on suction, 3ll 
Burnet” niotlis, 390 

Jlurrows, of 27; o! lUdiduH^ 24, 

26 ; of 0 (li/jie/’i(s\ 71 
Bursa coimlatrix, 321 
Burying-beetles, 22 1 
Butter Hies, o/fJ f, 

-Buzzing, 19 
Byrrlrhliie, 242, 2r>r> 

Bifrrli UH 'p It If la, 2 ■! 2 
Bytboseopidae, 578 
BijtwriiH, 241 . 

^'^tdpldfiCH vworri, €391 

Calandrides, 289 

Calcium oxalate, 405 

(Mlcuryvff, 101 ; O'. hiiaUiUilna, 102, 105 

(hdUfo earyUn'.hus, 350 

(kdlidea baro, 303 11 . 

Oallidiilidae, 370, 400 , 

CalUphiyra, 448 ; 0. (‘'njthmcj^phtt.la, (1. ram- | 
itoria, 511 I 

Callirhipis dejmnl, 266 ; 

Callomyia, 495 i 


' ( '(fllodofna. /(fs('i/u‘ ft ft is, 4Mi 

(faUiptcnuH, 270 ; <\ ila/irifs, \ '.sprfi ns, 

1 488, 505, enemies of 

j Caiyi)ter, ealy])terate, 41.S 
I Calyptrab/ Museiilae, 118, 5/// 

! Camberwell Beatdy, •id! 

! Came! bot-Jly, 515 
i ( !amj»oiiotides, 1 14 

i f ni/iiKifiiiltfS, 145; ( *, f i;f/i i/ift'f/ ns, 13S, 

1 145, 147 ; <\ pnniiHtd\'(tnh'ns, 138, 145 ; 

i (J. i'uhri/n's, 131; C. nifijms, 137 
I ( 'amptosonies, 270, 281 
! < 'anephorinae, 3'.M, 3‘.n> 
j Cantiiaridae, 259 f. 
i Caiitharides, ..7D 
; Capsidae, 551 
' Cftpsun htniarins, 639 
Caral»id;ie, 204 f. 

! Canil»idf‘s, Jfni 
j < lanxboidea, IlHl, 200 f. 

' ( ^ni't'inin’to'in, 664 

( 'urder-bees, 45 1', 45 
( di'dt.(irinnfi/f(t, 15} 

I Cnrdiin/hfiritn, 258 

j (^arhd, on sting, 5; on -.ruind-organs of 

(^ictfdii, 674 

( 'arid VO ra, 200 
('ar<»tine, 5 0) 

< ‘arpeider-bees, 33 

; Carpenter worms, 395 
j Carpets, 411 

, ( *nr/nif(tfmr jifllttiia, < \ p>ttin*nrlltt, (\splnn- 
i flftna, <\ Miltihiiix, 4‘JH 
<k( rptph atjm, 2 7 8 

f d rtf' rift, h/rnt, 597 
Cams, on psusiogenesiN, 4)J1 
f kt/'//(ib(a'ns, 278 

Case, 281, 392, 393, 394, 417, 122. 123, 
4€30, 431 

CasHidides, 270, 283 
( taste- prod net ion, 142 
(fa.dnm, 307, 309, 3 It), 319 : nutirnmin, 

(*. thf’fvpftn, 372 
Castniidae, 20,0, 371 
f */f.dor rtfiifffO’/iHin, parasite o}, 219 
(ddaj'lyHf.tt lenuotfa, 423 
Caterpillar, 322, 324, 326 ; of Diptera, 171 

Bat dpt tm oi'pli an, 22 1 
Cainia, 538, 58H 
Cave- beetles, 205, 221 

< ’elirionideH, 200 
dneddipta e j’tu, era riff , 424 

(hudtauffia bif.ri, 469 ; O', tir.dratinr, 450 ; 

(2 trilici, 450 
Ceeidaniyiidae, 455 n., 458 
Oerojda, plant and uniH, 158 
fVvA’wm, 297 u. 

Cell, of wing, 317, 318 ; complete and in- 
eomplete, 115 n. 

(.tells, formation of, bv bees, 21, 22, 24, 
26,28, 33, 34, 35, 45, 48, 51, 52, 54, 55, 
hO ; earthen, 72, HJtl ; of Cof/owiYiw, 89 
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Celyphidae, 50^ 

Celyphvs, 505 
Oemonus unicolor, 128 
Ceplialoidae, 275 
Ccplialomyia uLacidata, 515 
Qephalooii, 275 

Ceplialothorax, 465 ; of »SV;(//o^.s*-larva, 302 

Cephenomyia, TUjiharhiSj 517 

Cerainbycidae, ii78, 285 

Cerambycides, 2S7 

CeramkiSj 89 ; C. hcsiianicns, 89 

Qeranchia, 374 

Cempadiys^ 175 n. 

Qomtina^ 11, Sii 
Ceratoeampidae, 368, 375 
Ceratocombiclae, 559 
Ceratognatliiui, 194, 195 
Ceratonema, 401 

Geraiopogo7h, 469 ; Cl hipimctatua, C. pnik 
cans, C. varius, 470 

CcTceris, 125 ; C. arcnarla, 125 ; 0. 
hupresiicida, 125 ; C. labiata, 125 ; C. 
tuherculata, 126 
Cercopidae, 577 

Oeresa hubalus, C. iaurma, 577 
Cerocoma schacfferi, 275 
Ceropliytides, 360 
Oeroplastes cerif&nis, 597 
Ceroplatus onastej’si, 463 
Gerura vmula, 383 
Cervical sclerites, 472 
Getonia, in ants’-nests, 149 ; C. Jl.oricola, 
200 

Cetoniides, 195, 199 

Chaerocatupa, 380; recte Ghoeroewmpa 

Chaetopliorous, 446 

Chaetotaxy, 446 

Chafers, 194 f. 

Chalcosiidae, 391, 4'^0 
Ghalm hockingi, 394 

Chalicodoma, 32, 35 ; C. mururia, 30, 35 
f., 36 , 254, 486 ; O. paHetma, G. 'pyre- 
rudca, 39 

Change of habit in larva, 301, 431 
Chapman, Dr. T. A., on Glm/sis, 3 ; on 
classification of pupae of Lepidoptera, 
367 ; on Mepiahos, 398 ; on Mctoecus 
parmloxus, 268 ; on pupa of Lepidop- 
tera, 327 11 . 

Glmmgia, 396 

Gfmrtergus chartarius, nest of, 82, 83 

Gheilosia chrysocoma, 439 

Gheimatobia bru7nata, 414 

Gfielumymiex, ISO 

Chelonariides, 242 

Clidonia, 410 

Ghelostoma, 35 

Gliennium bituherculakmi, 224 
Ghmnes, 583, 586, 587 ; C. abietis, 586 , 
687 , 589 

Cheshire, on proboscis of bee, 15 
Chigger, 525 


Child, on sense-organ, 442 
China-Ill arks, 421 
Chinch-bug, 548 
Ghionea (mmeoide.% 474 
Chironiyzidae, 479 
Chiroiioniidae, 468, 41’4 
ChironomMs, 440, 468 
Chlamydes, 379 
\ Chlorion, 110 
Chloropidae, 504 
Ghloi'ops, 504 
Ghoeroccvmpa el pen or, 380 
Choerocanipini, 381 
, Cliolodkovsky on Cherinen, 5SG 
Ghoragits sheppardi, 290 
Chorion, 322 
Chrysalis, 326, 344 
Glirysauginae, 423 
Chrysididae, 1 f. 

! Ghrysiridm -nmdagasimnensis, 419 
Gkrysis bidentata, 3 ; C. ignita, 3 ; C. 

sh a7igha,iensis, 4 
GhrysocMis ^ireiiosus, 279 
Ghrysoco'ris gra7idis, 303 11 . 

Chrysornelidae, 376, 278 f. 

Chrysomelides, 379 
Chryaopoloniidae, 396 
Chrysops, 482 

Cicada, 123 ; C. pleheia, 674 ; C. sepfen- 
decini, 569 
Cicadelliiiae, 578 
Cicadidae, 568 f. 

Cicindela hybrid a, 202 
Cicindelidae, 201 i'. 

Giemnus, 378 n. 

Gllix glancMta^itpmid((; 401 
Gmiex, 560 ; G. lectularivs, 559 
Cimicidae, 559 
Cioidae, 245 
Gis uieUiei, 245 
Cistelidae, 264 

Gistus salvifolins, beetle-larvae in, 282 

'’Githaerias, 348 

Githeronia, 375 

Cixiides, 576 

Gixms, 575 

Clambidae, 333 

Clasper, 314 

Classification, of ants, 144 ; of bees, 20 ; 
of butterflies, 341 ; of Coleoptera, 1S9 ; 
of Diptera, 454 f.; of Hemiptera, 543 ; 
of Hymenoptera Aculeata, 10; of Lepi- 
doptera, 339 f. ; of moths, 366 f. 
Clavicomia, 189, 313, 265 
Glamger testaceus, 224 
Clavigerides, 224 
Clavus, 539 
Clear-wings, 386 
Cleggs, 481 
Gleosiris, 400 
Gleptes, 2, 4 
Cleridae, 253 
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Click-l)eetl(iK, 256 
(Jlickiiif^ butterfly, f354 
OluUcuSj 22 o 
OlisLocawjja wnsfritt, f322 
Clotbes-motbs, -loO 
(Jlouded-yellows, 357 
Clypeiis, 307 

(Jhjf.hra ill ant.'^’-nosts, 110 
Clytbridua, 

Ojieui ul()f.iis cff.r.sus, 209 
(Jiiethocampa 2 ir(Hr.siiWiira, 37 6 
Coare.tate larva, 271 
Coficidae, 592 f. ; destroyer of, 290 
Oor,ci(liUa, 

Coeciiiellidae, 237 

Coccus (’((cli, 598 ; C. nutnnifcru, 597 
Cochineal Insect, 598 
Cocliliopodidae, 402 ii. 

Cochf.op/mrff, 394 
Cockchafer, 198 
Cockroach, pai’c'isite of, 26i> 

Cock-tail, 225 

Cocoon, 16, 55, 66, 109, 122, 328, 347, 
373, 376, 384, 385, 391, 403, 404, 405, 
407, 419, 424, 436, 460, 462, 491 ; 
flax-seed, 460 ; of ants, 134 ; luinatic, 
280, 377 

ChcyUu, (/u.ri'i'lHl, 382 
Cocytiidae, 382 
Codiing-nioth, 428 
fj0(UUKC}/S, 31 

Codonltcs, 89 ; O. ahfircriut.its, cells of, 89 
Coe n<iin.i/i((. /err lu/ Inca, 4 80 
Coeiioruyiidae, 479 
Coenonyui.phd, 348 
(Jalaeni.% 851. 

Coleophora^ 431 
C'oleoptera, 184 f. 

(Jollef.es^ 22 ; 6'. <fd.vles(f.tn(s, 31} 

(Jolohopsw, 138 
Colon, 320 
Colorado lieetle, 278 

Colour, coiTeH]>on(Uiig with locale, 201 ; 
and surroundings, 337 ; of larva and 
habits, 336 ; of Bphingi<lae larvae, 381 ; 
physiology of larval, 413; of ttatcr- 
pillars and sox, 325 ; development of, 
in Heniiptera, 542; of eyes, 440 
Cokwcera. J orm I varki^ 2 4 0 
Oolydiidae, 233, 234 
(Jalpdiimi, 233 
Comb, 63, 64, 65, 78, 79 
Combs and brushes, 134 
Compound pui)a, 452 
Oonqwswpia, 5 1 2 
Comstock, on ncrviirea, 317 n. 

Conch ylidae, 4'^7 
Conriexivum, 538 
Conopidae, 497, 504 
Ccmorhinus sauguimgaj 559 
Copiopteryx, 373 
Cpium davicoTne, 560 


Copid.% 547 
Copper butterflies, 356 
Copridcs, 195 f. 

(Joprini, . 1.95 n. 

( *opris liispanns, 197 
Copulatory jiouch, 320, 321 
Cordyluridae, 504 
Condilae, 516 
Covet hr (i, 467 
Coriuui, 539 
Cori.iuf, 567 
Corixidae, 567 
Corn-leaves, larva on, 281 
Corunidia, 419 
(kvotoca^ 221 
CoHicu ria^ 240 
< loryiophidae, 228 
Cory lie tides, 253 
(kseitioverif hvrciilvs.^ 3,72 
Cossidae, ,7b'//, 395 
' CV)ssoni<I(‘S, 294 
■ C9.V.S7/.V, 309 ; 0. liympvnlt/ , 319 
; < Vistal iiervure, 31$ 

I Cotton-stainer hug, 548 
i Cotton -worm, 416 
I Courtship, 491 ; of Ilrptul us., 398 f. 

Coxa, 307 

, fVo5/*f;, 129 ; C cvplitdolvs, 129 ; //. 

stirpirold., 130 n. 

Craliroiiides, 128 f. 

( hamhidae, 125 
Crane-flies, 471 
, <!ratop((riSy 290 
(hemastm-, 327, 328, 344, 426 
( hemasioelulini, 200 
! Cre/uustor/rilus., 200 

i (.lreviasto(idsf.vr, 213, lf>5 ; C frtrn/t)/\ 166 
^ Crejiitation, 213, 211 
i Crioc'erides, ,775, 280 
j CrloeerlH ftspurfu/l^ 281; C, merdufera^ 

! 281 

; (IrossixuTUSj 130 ; C, irv.Hf/i(/rh\ 130 
j Cry ptoc(*phal ides, .775 
I Cryptorrplmtifs., ,18.1 
Cryphx'ei at jt, 544 ? *'"4)2 f. 
fhyptoeerini, 132, 134, 15K, 159, 169 
( ^rypf.txrf'KH, 138 ; C. (ftra/us^ 170 
Cryptophagiilae, 235, 887 
I Crypttiphayus de/d(dtfs^ 236 
! CryptostoriHjs, 77.5, 282 
i (Iteniza tirUmu., destrf>yt‘r of, 490 
! Cte7iopJuu'f(y 475 
Ctenostylidae, 517 
Ctenuehiiimi, 499 
Cuekoo-hees, 22 
Cuckoo-spit, 577 
Cueujiclae, ;57;7, 234 
Cmnjjos, 258 
Cuculinne, 80 
Cnlex piplenu, 466 
Culieidae, 466 f. 

Cidtelli, 443 
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Cniieus, 639, 540 
Cupesklae, 234 
(.Uirculioiiidae, 290 
Gurtic.e, on llffpodenita, 5Tf) 

(hu'Kplra^ 466 
Out- worms, 415 
CyatlioceriiL'u*, 240 

CyhiHler later iviar;/ hurl is or rueseli, 210 ; 

(J. f/npHnctaf iis\ 211 
(Jyhaceph aii is, 2 3 2 
Oyclica, 282 

Oyclotrliaplia, 454 ; D Asehiza, 455, 494 f. ; 

G. 8chizo})liora, 450, 500 1'. 

Vylidrus, 253 
Oy 1 in ( lr( )tom i 11 a, 4 7 4 
Oymatoplioridjio, 385 
Oymliidao, 410 
Vymmyia moH iwruvi, 5 1 0 
(Jyphagixjus seynipes, 290 
Oypknnta, /5V/<S’ n, 

Cyphonia c/amla, 676 
Cyphonidue, 255 
Gyrtidae, 489 
Cyrto(!()rid(*s, 545 
(Jyrtoet)iis mdiishvsns, 646 

Dacriides, 237 
Dactylopivs cUri, 695 
Daddy-long-legs, 471 
iJakruMu cjiixidwora, 424 
Dalla Torre, Gatalogue of IlynKuioptera, 
21 

Dauaides, 344, 347 
Danaioid Helicoiiiidac, 340 
Danaw areMppufif or jileidppvs, 345 
Dances, 351, 464, 493, 554 
Darwin, G., on Pidobius, 208 
Darwin, F., on proboK(;is of Lepidf)ptera, 
311 n. 

Dasclllidae, 255 
l)amJluH rxrmnuH^ 255 
IkiHyckim pndUnuidu, 408 ; 1). rimli, 

407 

DaBygastres, 20^ 35 f, 
iJmypwlM hirtipes^ 27 
Deiwl-leaf bntterlly, 353 
Death -watcbes, 248, 254 
Deeeml^r-motb, 406 
Deer bot-fly, 517 
Daer-fly, 518 
Delplnicides, 373 
Ddloeephcdm inimkm^ 578 
IMtoidae, 418, 423 
Denudatae, 20^ 29 
iJeporauH, 291 
Dentmtdda mwJ/dk, 517 
Dermeitidat}, 241 
Dermti 400 

Deroilontidae, 244, 253 

iimcukitus, 245 

De SauMSwra, on wasps’ nests, 81 
Devifs coacdi-liorse, 225 
¥0L. VI 


Dowitz, on devtdopment, of sting, 8 ; of 
thoracic appendages, 9 
Dexiklae, 510 
Diactor bilmeatus, 647 
iJianeurit, 392 
lyiatidna hAtbjmeoioide^ 547 
Dieboptic, 440 
Dictluaiia, 178 , 180 
/ Hctyocicada, 5 4 3 

Dilophus febrili% 477 ; I>. vn/f/aris, 476 
Diniera, 544 

Dirnorxdiic, generations, 58G ; males, 161, 
172 

Dlmorpliisni, 139 ; of wings, 549 
Dinapate 'loriffhtii, 246 
Dingar, 70 

Dinopmwra, (jrandL% 132 , 134 , 171 

JHimycJmpns 7Lw<iUs, 410 

Diopaidae, 603 , 504, 505 

JJinpsis apiculis, 603 

Dioxdinae, 409 

Diojitonui adamsi, 251 

Dioscorea batatas, b<*(d.le-larvae in, 280 

iJioxys cmctUj 32, 43 

Diphyllid(^s, 237 

JJiplocotes, 243 

Dipjlonyekns, 666 

Diploplectron, 119 

Diplo{)tcra, 10, 71 f. 

JHplosara lignivora, 429 
Diphms, 469 ; 1). reshneola, 459 
DipHoams alicnvs, 559 
Di^deni, 438 f. 

Dipterous j)arasitic larva, 26 
Dirplmi Uvrqninia, 377 
Discocell 111 ui’ nerviires, 318 
Dismorphiu, 346, 357 
Dissociation of embryo, 70 n. 

Dim, 471 
Dixidae, 471 

1 Dohrn, Antiui, on Tleiniptera, 538 
i Dali choder ides, 157 
Dolicliopidae, 493 
DoUchopuH imdulatm, 441 
iJolicknniH /atcmarrhotis, 116 
/kmaeia, 280 
Don aci kies, 279 

■ Dorsal vessel, 320 ; 529— see also Internal 
Anatomy 
Ihmjcera, 504 
Doryceridac, 504 
Dorylides, 174 f. 

Dorylini, 175, 177 

Di/rykiB, 133, 177, 179 ; J), heholus, 

178 

Dm^ypiwra decemlmeata, 27 B 
Dragon, 383, 885 
Drepanidae, 370, 400 
Drepanosvfdmm platmiokles, 685 
Drepamilkiae, 400 
Drilides, 24S 
Driver ants, 178 
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Drones, (13, 67, 

Drosophilidae, SO 4 
Drtiri/ft, 362 
Diyomyzidae, ,504 
Un/ojjJi/JtoTiis, fiS9 
Diiliois, on liinuiiesoence, 259 
Dudgeoi), on Badamla, 365 
Dufour, on host lielpin«^f jjanisite, 26 
Duke of Burguiidj fritilhiry, 355 
Duration, of ant-colonies, 154 ; of wnsp- 
coloiiies, 70 n.,SO; of life — sen f^ongt-vity 
Durrant, on motli-cases, 431 
Dutch bulbs, larva in, 501 
Dyar, classilieatioii of larvae <d' iiir»(lis, 
367 

r>ifdadia, 389 
iJi/mcsten, 1 99 
Dynastifles, 7,95, 109 
Di/stlerais sufn:trlfv,% 548 
Dytiscidae, 210 f. 

I)i/t\smrs^ 211 

Bririrrs, 410 

Eau (le Javelle, 368 n. 

Jk/mtopkth i.rt us, 600 

Bciiimy 159, 175, f ; A’, ht mul nm, 175, 
177 

Ecitoiiiiii, 175 f. 

Mcjmitheria^ 409 
Ectatumnna, mifati/iti, 131 
EctrejjJfcs hingU 248 
Edible larvae, 287 

Efgg, 305, 435, 468 ; as food, ,504, 568 ; 
of bot-fly, 514, ,515 ; nf 661 ; 

carried, 647, 561, 666 ; of BdiMun., 
568 ; of PanliiviuU'us .559 ; of tiea, 521 ; 
laid by pupa, 409 ; of bepidoptcra, 321, 
322 ; of Eeju, 5154; iiij rnnous 3ii7, 
few, 197 ; standing out, si ring of, 378 ; 
sw.'il lowed, 508 
Egg-tidies, 321 
Eggers, 322, 405 
Efaphidi/M viflo.vnK-, 286 
EBtphom,'7/ia^ 50,5 
Elateridae, 256 
Elaterides, 

Elmics, 26 r3 

EjI eplut ji t oiti'ifia^ 472 

Ehnides, ‘244 
El'j/r/in.m,<t, 348 
El ymiiiidae, 348 
Elytra, 184, 186, 539 
Eniboliun], 539 
Enibryonic dissoeiation, 70 n. 

Erne /I adla ^flahelUlit , 26 9 
Emery on classificatiou of ant s, I44 ; (,i, 
polymorjihiani in auts, 143 
Emesiides, 555 
Eniperor-inotb, 374 
Enipidae, 492, ^.9^ 

Enipodium, 446 
Empretia stimick/m, 4 03 


,‘;l ; Em- pfi it . J t* u'< -U , . U 

l>ryidi)L;v <'f, 70 
Miidtmiyciiidaf, El]. T-Ve 
14nd(>tri<*}iiina<', 4 f.l 
i'lndromi* l;u% rltPJ, l! Hi 
MiKU'gupoda, 7.1 7‘. 4 d{ 

Eii}it/th'n.\ 21 6 

Miitiniinjdiila, In 
Miizyirn', 259 

Apro///.; nirii >jii El.:, )!i 
Ejthrdni kfdmirllii, .|;i| 

Epbyjlrid.'te, .7// ^ 
j Epiii/nt fn'rid nit it'Et, 4l2 
‘ Mjdl»buiiida»‘, 4 J7 
Eftlrtn/ si s ;; fit HU t. i i >9 
EfEu'h ti nf tit ' ///.<■, ,!! fit 

Ejdetipriiitae, .ins\ 1 bS 
EpjiTat/ijiin, .‘J 07 

E}ni\iif»lif Ni'iif iipliiriif , 469, 

EfHt/ttftu .V .'cfifitit i\ 1 i Ii' 

Kpilncini iiir -', 238 
Mpiiuerjin, 307 

j Eftittofitf J /tif , ■I'J"' l it mti 

■ para -.it !■ nf, 4 76 
; I'ipiji.nM’Iiiiita*’, 

, f'ipipliaryngenl .clcr ift* 14 
j Epipbar>a\, 14.308. It.*!, ‘ipn 
j Epipb*iuii(iH‘, ./d'.V, 4‘J(» 

I Effiftif/'iijm;, .pi I 
I Kpi-fcruiiin, 307 
I E/tif r(f It:., I70 

‘ Efttf/uffif^ H'.VJ 
j I']ni:'*tfiti HfittnUn, 41 7 

EriEiif, H/f'E f'i, (trfhiups, ,*{ I7 
Kiad/jib*,, I Is 
HnuiHM'hai'tH, 4 'n 
KreniiMlrafinii!,, 4 Iri 
JuTfftitt‘iht'Ui„ 5 IS 
Krgat.uiiilr<»tj'.^, 1 jp n. 

Krgatngv ii«H{ ,, 1 10 n.* I 12 
Krgjitnid, I 10 

Kt trt't (!.: pfltt, 5i»7 

Entterphtdft, .’IOh ; /r ,>>////;»•//»% l.'U 

Kiin<rphal}<!?ii*. 433 
Erifurfu^ 472 
}u’iMt(tEf;4, 4J9.I 

Krniia** nir4h H 409 
Kndyiidne, Eli, 2.‘16 
f'inuundbnisia. 175 

Kf'tft 'u/t\x, ,P 14 

Kryrinidm-^ ,14 E lint^ bVlV 
Kryniriidc'ff, .7.7.7 
262? 

Ktn-fjdiriious krvae, -jr.fi 

Efirriti, ,;y 

hltfluf. ri ’< ] 7", 4 

I'Etrhhit' mriEimiftt'.i, 322 ; larvii, 35% 
^Zm\ i<iipa, 3S8; E. t/rtnif Et, tUM 

Eittdtf'nifiii tfaftUif/t, 361 
KiftUtirf 25<» 

Kiudfddae, -UH 

Eittditdu 1 15 
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Ku(aienii(Ie.s, 200 
F/>((l(ieiiioni((, 373 
Ki(d(tnivs pr^feuf;, 340 
J£iuuJc,% 3f>l 
Ku.fjm'eon hocJcinffi, 542 
Fiff/Iossa^ 34 ; K cordata, 35 
Eugnoridns /mvffeh'itfi, 289 
F idem a, 35 
Knlen, 414 
Fid yes, 558 
ICumacus, 355 

Fimimes (irhustonmi, 73 ; F. aoarcUda, 
73, 74 ; F. cornea, 74 ; F. Jfaropieta, 
72 ; F. pomiformifi, 72 ; F. migv i- 
euhda, 73 
Eumenklae, 72 f. 

Eluniolpifks, 279 
Eurnyiid flies, 4^50 
Fupamgia, 89 
Fnphona, 200 
Fuplocia, 408 
Fuploea, 345 
Kupoda, d79, 280 
Fwpmlis wmida-, 296 
Eupterotidae, .S'6'<S’, 370 
Fur Iff] ana, Larva, 355 
Faschenion nijjlemLe, 371 
F'lmmia vdlicoldes, 410 
EustJienes pratti, 633 
Filthy rliynchus Jlorldanus, $46 
Fxcoecarlu bigla.nduIosa, 424 
Excreiuent as covering, 281, 283, 463 — 
see also Adapted excrement. 

Excrenieiital dwellings, 284, 379 
External structure, of Aphidae, 588 ; of 
(Jbrysididae, 2 ; of Coleoptera, 185 ; of 
Dijdera, 439 f. ; of fleas, 523 ; of Henii- 
ptera, 534; of Jlepialuf}, 400; ofHymen- 
optera Aculeata, 6 ; of Lepidoj^tera, 
307 f. ; of Thrips, 527 
Exudation of fluid, 238 
Eye-collar, 387 

Eyes, four in number, 215, 251, 476 

Fabre, J. H., on Ammophila, 111 ; on An- 
thrax, 486 ; on Bemhex, 120 f. ; on 
(hUiewrg-m, 101 ; on (Jhfdicodoma, 37 f.; 
on Ewinenes, 72 ; on Ealictus, 24 ; on 
MiUdfjrwmma, 509 ; on Osmia, 48 f. ; 
on Scarahaevs, 196 ; on Scolia, 97 f. ; 
on Sitaris, 272 ; on Fphex, 108 ; on 
Htelis nasuta, 30 
False cones of Chermes, 687 
Families of moths, key to, 368 f. 

Feeding young, 147 
Fcftonim luteicolUs, 130 
Fever-fly, 477 

Filaria, and Mosquitos, 468 

Filicornia, 200 

Finding nest, 38 f., 126 

Finn, on protected butterflies, 345 n. 

Flagella, 384, 442 


Flatides, 576 

Flax-seed cocoon, 460 , 

Fleas, 522 f. 

Fly-disease, 513 

Food, abstinence from, 254 ; of bee- 
larvae, 19 ; small in amount, 277 
Food-reservoir, 320 
Footmen, 409 
Forbes, on ant sounds, 155 
Forel, Ang., on tropical American Ants, 
138 ; on classification of Ants, 144 
Forest-fly, 518 

Forviiea. exsectoideii, 149 ; F. fusca, 137, 
150, 151 ; F. rufa, 148, ik; F. sa>i- 
f/uinea, 149 ; F. srhavf iissi, 152 
Forniicidae, 131 f. 

Forniwoxemis ■nitidvlus, 148 , 159 
Fmvwx, 260 

Fossil, Ants, 143 ; Beetles, 261 ; Diptera, 
458 ; Hemiptera, 542 ; Thrips, 531 ; 
Wasps, 88 — see also Palaeozoic 
Fossores, 7, 10, 90 f., 346 ; classification, 
93, 

Fossorial solitary wasps — see Fossores 
Founding new nests, Ants, 145 f. 
Freniiluni, 316, 318 , 319 , 400 
Priederich, on Parnid larvae, 244 
Friese, on habits and classification of bees, 
21 ; on liosts and parasites, 30 f. 
Fritillaries, 352, 354 
Proghoppers, 577 
Frog-spit, 577 
Frontal ganglion, 320 
Fidgora candelaria, 676 
Fulgoridae, 543, 574 ; larva living on, 404 
Fulgorina, 543 , 

Fumea, 393, 395 
Fungus cultivated by ants, 167 
Fungus-gnats, 462 
Fiiiniel- twister, 292 

Gad-flies, 481 

Gaban, J. C., on Praogena, 264 

Galea, 309 

Galerucides, 279 

Galgnlidae, 562 

Galleria mellonella, 306, 331 

Galleriidae, 423 

Gall-midge -flies, 461 

Galls, 262, 430, 424 ; of Coccidae, 598 ; 
of Aphids and Phylloxera, 587 ; of 
Psyllidae, 580 ; of Thrips, 530 
Gaiiglbauer, on Stapliylinidae, 224 
Garden -whites, 357 

Garman, on mouth-parts of Thysanoptera, 
528 

Gastropacim quercifoUa, 405 
Gastrophilus equi, 515 
Gavara, 401 
Gelechiides, 429 
Gena, 186 
Generations, 306 
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(Tcormcters, 411 

Geonietridae, 411 » ///(!, 4 
(leoinyzidiie, /jO//, 

Geory.sHidae, 243 
Geo'n/^ims py{itnmn,% 243 
Geaf.rupes, stridulation of, 195 
GerridcH, 552 
GerriH, 535; 552 
(/hilianel/a Jtlivv.utris, 656 
OlioKt-rnotlis, 395 
(H/raJf)mnfia, 505 
GirdlerH, 285 

Glands, 321, 323, 331, 3C3, 399, 538, 
553 ; accessory, 320 ; of Kilij)pi, 321 ; 
iiiandilnilar, 216 ; salivary, 326 ; silk-, 
325 ; stink-, 257 ; wax-, 589 
Gla})liyrini, 10/) n. 

(ilwphyroptmt pirta, 441 
Glaucopides, 339 
Glossa, 309 

Olosni'tm 'mfirsikm.% 512, 613 

Glow-worms ; 248 ; New Zealaiul, 363 

Glyptm, 206 

Gnats, 466, 468 

(hwphav/a, 409 

Gnostidae, 223 

Goat-moths, 395 — see also ('tmvs 
Godart on tnun peter- l»ee, 58 
Godniaii and Salviii, on spmnatlieeal 
bodies, 321 
Gold-tail moths, 407 
Gonapopbyses, 9, 305 
Goniii, on development of wiiiK, 328, 329 
Goosscns, on legs of U^ddoplera larvae, 
323 

OornyparMi 597 

Graber, on mouth of louse, 599 
(hapholithii sehaduiniar, 428 
Grapholitlddae, 

GrasH-inoths, 425 
Grayling, 347 

Green, K. E., on (dassitieution of ( ‘(M*eidjt<!, 
593 

Groeii-l)ottles, 511 
Green-fly, 581 f. 

Groiiii<l-l>eetIe8, 204 f. 

Ground-pearls, 592, 598^ -see also Mar- 
(jimnlrH 
Grypocera, 

Guest-ant, 169 
Gula, 186 

Gymnoeerata, 544 f. 

Gyniriodomes, 82 
Gyrinidae, 20 215 
Gyrinus, 215 

on nnrni(!ry, 339 n. 

Haclrm lepUlutm, 482 
Hammtobm nerrata, 5 1 2 
HaemUmriyzm ehphanlh, 600 
llaematopotM, 482 ; //. phmtt/iH, 483, 

443 


I Ifaemoglolun, 16.s. 
i llar/jumiif , 280 ; //, ’/"O 

I/ffrirra, 348 
Ilag-inoth, 103. 

Hairs, piuuin';** or b-ai ht'O’*!, 11, 12 ; 
I)eniu*sii<l larv.'U’, 211 •.<>«’ u I .»» Sri. ic 

llalf-Ioopers. 415 

/A/Z/Vov, no 

/A/Z/VZ/ov, 5?; //. //VooZo/ir;, 24; //, 

iiifilarh 23 ; //. unu'iilut tr,, 25 ; //, 
morio^ 24 ; //. ,i‘’i art ic:, 22, 

26 ; //. l uhti'H nti 2*6 ; /A .‘>,^*'0/07/1;., 
24, 269 

j Haliplidac, 201* 
j Ilolirytu). anipiuhiio’.^ 471 
I llnlobatrn, 552; IL 551 

j 553 

I Halteres, 438, HS, 593 
i lifdiieideH, 27S, SO 

I Uttmadryati^ 317 

J Hamniork luolli, 379 
I Hampsoii, on clns’dljratioo nf }}e*!lr>,, 

I f. ; on elirkiiig bulfmli), 351 ; on frenu' 

I lum, 316 

j IlttinpHtituti pidrh»'r ri tua , 301 
I Ilandlirseh, on 58 

i Harpaf.tonde'v 558 
llarpalidi'H, 706 

j 205 ; //. t’fdiyOittHu 1S6 

I Hari.es 314 

I Hart, <*. A., on larva** of Gsptei'a. 473 
I Hart, d. II., oil the para'-of ant, 142 
! Harventiiig aids, 16 1 
j Hatchett Jackaon, on (o.lour of larvae, 

! 325 

IlauHtellnta, .766 
I HaUHtelluin, 308 
I Hawk i»ot,h% 3Hd f. 
j Head-veMicle, 442 
! Hearing, organn of, 191, .313 
Henth-bntterflv, .6/7 
Hebrulae, 55 1" 

JlrhniH^ 551 
I 371 

j Heerwuriii, 464 
I Helifoniitlae, /l/pi 
I Heliconiides, 351 

■ IMirtminn^ 346 ; //, #*ro/o, //. mri^ttrmrn*\ 

I /A r/o'Yi, 351 
j HrliaihiM dfwiyfttf, 41 if 
llrllumlrM tapntlttt Hfi*\ 206 
j 2IH 

255 

Helomy/idae, fiO^ 

Ur/ojte/tiMf 561 
Helotidw?, 235 
383 

Iff/nrrm/rw/iidf 493 
Jtrmidijdnn 553 

He mi -elytra, 539 
Heiiiileucidae, 371 
i Hemiptera, 532 f. 
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Henic.oc.epharKisu^, 554 
ifcpialidae, .‘iOfJ, f. 

iii'jiUflus, \m, ;jio, ,‘ni, :n7, .‘nw, ; 

//. A// and others, JiOfJ f. ; IL lujndi- 
nv.s, 397 
Heredity, 454 

Jlninatahates haddonl^ 553 
Hvnndm^ 479 
Hesj>i‘riidae, .X^ /, 3t)3 

Hessian jly, 452, 400 

/li'afia tdf’iij 340 

Heterocera, 3d0, f. 

'H eteroiaa-i due, 243 

Uetenajenm^ 402 
i I eteroge,iiei< lae, 4 02 
Heterof^yjia, /d, 131 f. 

Hf.t(;rogyiiidiu% 302 
ilet^nKjynis^ 309 n., 302 
ll(5t(ironiera, ltd), 202 1’. 

H (!!ter< n 1 e u r idae, 

IleUnmatuH tmiodosus^ 576 
HcteroptiTa, 53*2, 531, 535, 530, 543 
H<derotfirHini, dfi// 

Uex(iUmiu,j>dluiTii.% 441 
Ilttylaurt.s, on Psych id ae, 30*2 
Hibernation, of Vanesm^ 352 
Hilara, 403, 
liUhriilfH^ 405 
Hill-aut, see Formica ra/'a 
Hill-grub, 417 
Hiinantopb'rifbw, 302 
Himeni pe.n naria,, 411 
UijtpoboHc/t ctivina.^ 518 
Hippoln'meidae, 518 
Hipp<)|)Hini, 288 
Ifrnrwnmmi ubHciim^ 485 
HUpa, 282 
Hispides, 27% 282 
Hinterklae, 230 
301 

llistohlaHte, 453 
Histolysis, 452, 595 
Hoekings, on stingless bees, 03 
Hofler, on Bmn.hu, 54 
H oil an d tdn< Ij w?, 39 (> 

HuMqitU; 230 
HolonH!tf)pa, .70^ 

Holoptic, 440 
Holoptllides, 557 
Uolymmuty 547 
Homoeoehromatisui, 337, 351 
UmmmHlcjrm mellyi, 193 
Homomorjdia, 542 
Homopbysiiiae, 421 

Homopteni, 532, 534, 535, 543, 544 ; 

parasite of, 303, 497 
Honey, 18, 80 
Honey-ant, 1 52 
Honey-bee'- -see Apis mdlijiru 
Honey-dew, 580, 589, 507 
Hook-tips, 400 


lloplopas, 7 4 

Horn, (i. H., on classilication ofCarabidae, 
206 ; of Sil{>liidae, 223 
Horn, W., on classification of (Jicindclidae, 
202 II. 

Hornet, 81, 87 
HoriieiAs-nest beidle, *227 
Horns as food, 430 
Horse I )ot- fly, 515 
Horse-flies, 481, 518 
Hot springs, Insects in, 4 7i> 

Housedly, 511 
Hover-flies, 498 

flubbard, f)n aiulirosia-lajctles, 295 ; on 
Phohrb'on^ 403 ; on Xeuos, 303 
Huxley, on Aphids, 585,580 ; on sclerites 
of oesophagus, 15 
llybocatnpa. milhaAmari.^ 385 
Hybotiiuus 492 

Iljldnoplij/tuniij 139 ; //. monlwnnm,, 138 
Ihjdi'oampa. uifinphaxabb *121 
H y< lrocaiupi<la(*, 4;2 / 

Hy<lro(:ampinae, 421 
Hydroeores, 562 
I fydroeorisae, 562 
Uydroq/phon deJlcxicoHis^ 256 
lh/drovnir(ty 5o2 ; //. stag/ioruni , 551 
Hydrometridae, 551 
Hydrophilidae, 216 f. 

Hycfrophilides, 2Vd 

llifdfoplid us piceuHy 21 7 
Hydroporides, 201 
ifydroporus^ 211, 212 
Hydroscaphiilae, 228 
Jly (Irons carcdndilcsj 218 
llyprohla.^ 208 

JlyliTortuH (lernicstfridess 255 
llyLvmym. sh'Uiosa^ 506 
nymemlis^ 346 

Hymenoptera Aciileata, 1 f. ; 11. Tubuli- 
fera, 1 f. 

Hyper-inetaujorpliOHiK, 270, 488 
Hypertely, in KaUimUi 354 
llyphydniSy 212 
Hypnody, 489 
I[yjmu\phaluH armotns., 288 
Hypochlorite of potasli, 368 11 . 
llypodcrnm hovis^ //. Hneaf.a, 515 
J/ypuminmutaj parasiUs of, 70 n. 
Hypopharyngeal Hch^ritos, 14, 17 
Hypopharyiix, 15 11 ., 324, 443, 524, 600 
Hypopygimn, 446 
Hypsidae, 270, 408 
I/yp8(d(lc8' radamu, 37 6 
JfystricJiopq/lla talpac., 623 

I Idia fmciata, 51 3 
fdolothH'ps spectrum, 627 
Iniaginal dis<!s or folds, 596 
Imbauba ant, 158 
Individual, 585 

Inedible assoeiatioiiH, 338, 339 
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Tiiferioornia, 

lnfra-()es(>p}ijig(;:i,l ganglion, 54 1 
IiKpiiliiicH, 3(1, 81 
Insects as food, 117, 504, 503 
Jnstars, of Ai^pidiotuH^ 596 ; of (joec.nlai;, 
696 ; of Mji'umtta, 271 
Instinct, 235, 274, H73, 403, 424, 487, 
544) ; of Ants, 590 ; of JSfUtihc.i:, 121 ; , 
oi' (jjuduuKh)iin(^ 37 ; of hdsfiptidd ^ 28 ; s 
of ^^eUp(yn((., 64 ; of M iltonra/u ni<( and t 
Jimhcx, 509 ; of Od.ynrrus, 76 ; oI‘ , 
Os/iiid, 48 f. ; of Pompilvs^ 102; of ! 
Ji/ripd’hif.f‘s, 292 ; of Trinmia, 64 j 

Internal anatomy, of I.)iptera, 449 ; of 
Ilcpiidiis^ 400 ; of Memiptcra, 540 ; of • 
Lepidoptera, 319 f. ; <»f larva of Lepi- ! 
doptera, 324 ; of Lice, GOO . 

Internal nervures, 318 
Iodine, 213 
Ipi<le.s, 232 
Ischium, 523 

/s('JiiWf/i(M(U\ 82, 88 ; /. iin'lfifi, 87 . 

Isodennina-e, 550 

raoniera, lUf) s 

Issides, /i7<j 

Itho‘iJU(f, 346 ; /. /uf.slof 346 
Itboniiides, 346, 351 
I km a, 

IkjfWAi nvj'ivdnda^ 576 

J ass i (lac, 578 

Jiga, or ‘‘ niiniie, nnt,” 92 

dohiiHtou’s organ, 442 

Jordan, on antennae of Imttertlies, 341 n. ; 

on Thysanopteru, 529 f. 

Jugatae, HUG 
Jugiim, 316, 400 
,/ lu/nrflda, «S'.0 
JiUodis, 26*2 
Jumping«T)eaus, 428 

KaUima, 353 
Karbi, 03 

Kellogg, on TiCpidopteroiis structure, 307 f. 

Kentish glory, 406 

Kermes, 597 

Knot-horns, 424 

Kummvvld vidorioHUy 99 

Koo-chah-bee, 504 

Kootchar, 63 

Koptorthosomo.y 70 11 . 

Korsclielt, on formation of eggs of Xt'pUy 
564 

Kiinckel d’Herculais, on VuLucdUiy 501 
Knngu cake, 467 

Laap Insects, 581 
Labella, 443 
laUduSy lir>y 176, 180 
Lal>iurn, of Lepidoi)tera, 310 
Laboulbene, on sound - production by 
Arctiidae, 410 


Lae, 5 ‘9 7 
Laeinia, 309 
Jjaeiniata, dGGy 13 1 

Lornn liin ri tuts, 2.i# 

Jjiii'osottni dm idnfii^ 3# ■*' 

I.ady-bird>, 237 

JiUijno itpn't'tdti n't: , 491 

Lagonlae, 491 
LayrUt ji 'u'fti, 261 
bagriidae, 264 
l;aki‘, i’olour, 5t»7 

I/amelli«'<»rniu, /.99 1. ; I'ln'mir mI, S»7 

Lainiides, dS], 288 

Lanijtrosnmidr.'s ddk 

I<ainpyrideN, 21s 

lAttupydii ntH'! tl 2. *9 

I At ntjdti ud in tt ft*>ptttjiftf uvf. 2*31 

Langiiriides, 23? 

1/antern-Hie •, 575 
La}>nro;Jicti, l>>.» u. 
jAtphdtt, 492 
LupidieobtUH bi'ctb'-, 295 
Lappet iJiotii, 405 
i At dt'dmtSy 2n3 

lAtrrtt tuittfliitiiit^ 117 , /., /•>*/, tjiHii/tt/'iiti'-y 

117 

/AtrtVf/tt, 117 : A. I | s 

Ijarrid**^ 1 1 f» L 

liJirvae, of heetb-M, 188 f., 188 ; of „ 

3 ; <d / ftt.Hf/jini/ity 28 ; h! Hyifo‘iM»pi«’ru, 

7 ; of la'jddoptem, 323 ; m! j , | 99 
Lasiocampidae, 375, 195 

lAtsitii’hlltlduts. hft f hfAi/f 'ft ir,y 297* 
fjtHluH ttdrfitiXy 1 hi; bfunding lo'sl, 

fid uji mint. L'JH, 153; /,, 153 

Latrnliidae, 240 
lAtf ridiitH tHuutfit i, 240 
Latter, (b, on Pu •i-moth, :»8f 
Leaf cut ting ants, 165 J. 

Leaf-iicHta (aiitsi, 165 
Lmtnlitui }u‘Apvi id nm ^ 591 ; /.. 

417 ; A. pi‘/'n'i’(n\ 597 
lA'flnty 545, ATS 
Legs, nbdondiuil, 9 
Lf’idttH spifddfrftis 204 

Lf t/iti tiidifitopify 28 1 

Lemoidulae, 354 
Leon, on llemidiptrrtt y 553 
Lepidoptera, 304 f. ; L. Hau drllala. L, 
faudiiiata, •IGG 
Lf'pf<tli,Sy 346, 357 
L«^pti(bu‘, 479 
I^ptinidae, 220 
LffdimUuHy 221 

Lepfinm IrHfttrevH. 220 
Leptw m'dopae.fay 441, 48 1 
LeptMiiratHy 362 
Uiptwlerini, 221 

h’ptinjenifHy 171 ; A../b/r/f/f'»y/, 171 
IxiftmuttnUij'y 223 
ht'pMhmtA'r ac.e.i'mt ii nu 161 
Lerp Insi'ctx, 58 1 
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Lcin^ 307 ; Tj. rr/iif.s, .‘iiM) 

Jj’ucd.niti iir/fUtf, -lid 

Jjeuckiirt, 01 1 Me/a/jluff/ffs-, illH 
Ltvucospis, 46 ; L, ‘II 

LiMitlnier, on Odantohihis. llk> 
lAhjjthm^ rj/f j 
Lihytlundes, -455 
Lice, 599 f. 

15 

hi ni (troth's, ISO 

Liiinicodidae 5"7/y, 4 01 ; juirasite <d‘, •! 

Liw.tias ('hn/si/f/ms, 445 

Liniiiicliides, 24 li 

LiiJt.tiohia iihtcriiii'diii, 472 

Limnohiinae, 472 

Lbnochorns f.ftnmas^ 340 

Lhiiol/iri/ts (/(‘iificdmis, 540 

Lindtnnaiin, on injuries /Voni 'I’lirips, 540 

Lingua, 15 

Lingula, 15 

Liomrto/ntiK riirmcephttf ititi, 1 aS 

Lipam lutr.fis, 128, 451 

Liparidae, 405 

Lipdnmra hreDirosiris, 455 

Lipon(niri<laii, 454 

IdpoptvtKt 518 

hi/dcfi(f^ 055 

Lipteninae, 055 

Li/.(t. Holauiild, 400 

I/UhaphUns, 20il 

Litlio.siidac, 408 

JdthoHiinae, 409 

IJitrrm (iximts, 598 

Lobster, 888 ; Lobster-rnotli, 085 

iMcpa. nd'itu/n, 874 

huhiUt (frandis, 549 

hiNiMptera, 200 

Ijiuncr.ktistt^ 142, 225 
I.one.hmddfu*, hd^Jf 
Lone.liopterblae, 490 

Longevity, 88, 185, 28(), 805 ,* of <J/afd</, 
569; oH Mdttl<itUh((j 198 ; St'ttrtdiaeits,, 
197 

Lorigiconis, 285 
liOopei’H, 411, 415 
Lorn Til, 14, 14, 15 

Lowne, on blow-lly, 449 ; on foot of 
Jhjtlsc.m^ 21 1 
Liicanidae, 198 

f/itranits atrints, 194 ; antenna ol’, 191 
Luciferase, Liiel ferine, 259 
Ludliti, 511, 512; L. awsiu\ L. tmtcrl- 
Ittritt,, h. sericatd., 512 
I/twiola, 249 ; L. It f dirt t, 249 
Ltidict. drh.fjtmjurh 378 
LumineHcence, 250, 258 f., 458, 459 
Litmula, 442 

Lute, on exudation of Oneidnellidac, 238 
Lycunui htmlirtt^ 855 
Lycacnidae, d/ff, 855 
Lyeides, 24^ 

Lywmt^ 845 


j Ijyetides, 2Jdi 
Lygaeidai*, 548 
I Lyniantriidae, ;/7Yl, 405 
Lyiutw-iiioih ntivtflr, 254 
Lyiiiexylonidae, 254 

Lyoiinet, on anatomy of eaterjiillar, 8>24 n, 

J\[(trh(tri'(>t(t. (Utl.fUn'vttj 578 
I MH!ook, oil lioiiey-tub ants, 152 
. Mitct ‘orn etnf\ 8 S 9 
Maeroglosslni, 880 
Mamadepidojiterii, 840 
Marronyc.luts </u(t.tirihtli(‘)ritl<d.iis, 24 1 
Mitrj'dtitititf Iirrrs, 287 

Maggot, 449 
Malaebiidais 252 
Jltflttrhiits ttrjtrns, 252 
; Malaeoderinidat*., 248, 2d,h ‘255 
Malaxation, 110, 125 

Malpigliian tubes, 820, 884, 429, 149, 1(;0, 
455, 478, 529, 540, 588 
Ahtj/t i//i> f/(f.rf.isf'it, 878 
Man se(‘ Manna 

Maudildes, of Lepidopiera, 808 ; of piijia, 
485, 487 

Mandil)iila.ta, 484, 585 
Manna, 597 

Manson, on Mos<(nitO(‘s, 458 
Aftttil ir.o/'tt iiut.rdiusfty 203 ; 4/. liiJ>rmti<i/ii, 
202 

A/tt.mii(\ 877 
Marbled- wliite, dJf7 

Marehal, on mnbryonie dissoeiation, 70 11. ; 

Oil Aniumph iltf; 111 ; on pigments, 8*84 
Mitryurodrs^ 595, 597,' 598 ; J/. yvVAv, 598 
Miirindiomla da (tasa, 118 
Afttnuna, 471 
Masaridai^ 88 f, 

il/a.sY/r/.v, 89 ; Al. rrspl/'orui is,, 88, 89 
Mason-be.i!, 85 f. - see. (ditdirudotHtt. ; of 
New Ze.alaml, 107 
Ahfs/.iytts, 228 

Mattliews, on My<lro.seap}d<lae and ( 'ory- 
lopluMae, 228 ; on Spbaeriidae, 227 
Maxillae, of Le.pidojiteni, 809 
Mayer, Paul, on Hciiiipterg, 585 
Meadow-lirown, 247 
Meal-worm, 263, 254 
Mealy-bugs, 592 
Meelianitidaii, 242 
Mrr/r/.rrtts m/ddyittfs, 493 
Meiiian ne.rvure, 318 

M('(/tf.tu'/i}i(t/.(f, 201 

! Alct/tfrJuir,, 22,, 51 ; M. ttlhori nrltt,, 52, 58; 
M. tmtkrttt'.hui, 62 ; M. /tt„<(ririf/(t,/it, 52 ; 
;)/. IttMtdtt, 58 ; A/, proxinitt, 58 
Megalopides, 272, 282 
Megalopygidae, 404 
AU'tjtdyfms tyrac.ilis, 490 
1 AJrt/fmttdfiwa, 548 
I AJc.ytLrrhina, 445,457 
i Megascelnles, 272 
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Mejiat^oma, 199 
MetjaUiymnis^ 371 
Meyistorliynckus hnyirostrk^ *1 85 
Meijere, on stiginatJi, 450 
Meinert, on Anopluni, 600 ; on nioutli of 
Diptera, 444 ; on paedogunc.sis, ItH ; on 
Stylopfi, 302 
Melandryidae, 265 
Melanism, 414 
Melanititi^ 351 
Melimophila d(umtig-niO.^ 261 
McLacta, 31, 33 ; M. Inrtuom, 31 
Meliboeus, larva, 355 
Meligeihes^ 232 
MeMnamj 351 

Melijiona^ JJ, 62 ; 4/. .vraA/Za/'/.v, 61 
Melitaexi, larvae, 354 
Mellifcra, 10 

Mdlirms, 123 ; M. armims, 123>, 124 ; M. 

sahulosus, 124 
Meloe, 33, 274 
Meloidae, 269 
Meloides, IS70 

Melolontha vulgarly 194, 198 
Melolontliides, 105, 198 
Melophayas ovinm, 518, 619 
Melojdhoruit injflatvs, 153 
Melyridae, 252 
Menibracidae, 576, 57S 
MeirdmwlH follata, 577 n. 

Membrane, of lIemipter^^ 539 

Menorliynclious, 542 

Merodon equestris, 501 

Merrifield, temperature experiments, 337 

Mesodont, 193 

Mesopliragma, 312, 445 

Mesoscutellum, 312 

Mesoscutum, 311 

Mesosternurn, 307 

Mesmmlia, 551 

Mesozoic beetles, 261 

Mess&r, 164 

Mdam(yrj}}m, 851 

Metamorplioais, 529 ; of Aleurodidmi, 591; 
of Cicada, 571 ; of Coccidae, 694 f. ; of 
Diptera, 452 ; of Hemiptera, 542 
Metapneustic, 450 
Metascutellum, 313 
Methoca ichnetmonides, 96 
Metocliy, 183 
Metoecus pamdomis, 268 
Meyrick, classification of JUjpidoptera, 
367 

Miastor, 461 

Mice, insects in nests of, 221 
Microdon, 501, 602 

Microlepidoptera, SJfi, 427 j troplii, 309 

Micropezidae, 604 

Micropliysides, 560 

Microptera, 824 

Micropterisiii, 549 

Micropterygidae, SGO, 435 


1 M i<'rtgi(rt'ii.i\ 307 t.. 31 <, -UO, 3‘..b, 

I 436, 436 
Midge, 461, 470 
Migration, Aphi ' , 

Mik, on liihti'tt, 193 
Milicliiidac, 5ff / 

M iltoijnintina^ 508, I2l 
Minutt'fuca, 356 
Mi mem hi<ut(tu\ 128 

Miniesidcs, 127 

Miiuicn-y, 337 f h»*«' aino Urst snObun’D 
Mines, Dijderoii in, 171 

MiH(Uif}hif.% 1 16 

Models, :M6 

Mocsa-hlight, 561, .'412 

Mollusitu, eati-n by l;uv;i«*, 252; 

larvae nii;-4nke!i for, 501 ;r«‘ al-n Snails 

;l/o/a,v.s//.v, jHirasiie of, 5f!0 
Monareh-laiilerfly, 315 
Mi>nd(i rfutfidiijdiitetr, 393 
,)fntieiti(t /Iff rem'.tus^ 4 
Moniez, on ferlili sution of ^'oendar, ,591 

Mdiiddfifi/iff/it ea-f nififhi.'^ 41 
Mfnldhttiiiitut-H fdd/ifHff.u, 286» 

Monoinera, 5/fff 
M<»iioinini«ia<s 2fl5 

MdUfuntitin ni , 560; .1/. gbtf 162 

Monotoinides, 24 ff 
MfUiteztft/no fUntifUftlft, ne'4 of, K"* 
Morde/h, 268 
Mordellidae, 267 
^ MfirtlelHaleint Jhfi'ifit’m-iih, 268 
Mornudyt'e, 265 
M orinoi ViddeH, dOG 
Morphid»*s, 348 

Mfft/dw, 315, 331, 319 ; M, mtudn ttfi, 318 ; 

M. fit'hdleH^ i/. e/fidfn/thiH, larvae of, 34 If 
Mosfpiito, 466 f. 

Mo.H(juito»!n‘eH, 61 
MoKfpiito-lilight, 5f»2 
Moth-flii!.s 470 
Moths, 366 f. 

Motucafly, 482, 122 

Mouth, ahsene.i* of, 310, 4 43. 489, 514, 
616, 585, 5416 

Mouth-paiis, of Dipferit, 442 f. ; of f!ea,f4, 
523 ; of flemiptcrii, 534, 535; of Hy» 
menoptera Actdea^^^ 13 ; of la'piiioptmr, 
307 f. ; of fdee, 599, «0O 
Miid-danWr, 113 
Mtiggenburg, on Mdd/ihiifnn,, 518 
Miilkr, Fritz, on Imhaiibn.-ant, 158 ; on 
Trigmui, 64 

M tiller, H., ot» f)fint//Mnln 27 

M tiller, W., on Houtlt Amcrh'itti larvao, 
344 n. 

Miilkrian ininiicry, 339 
Muudstindifd, 527, 528 
Murniy, A., on hm% 661 
Mmca dtHttmtim, 5 1 1 

Musddae, 511 5, 517 : M. AealypiratiMy 
503 f. ; M. Cidyptratae, 148, 501 
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Musotimidae, 423 
Miistiliidae, S70 

M'litilla, 94, 95 ; 3L curojmm, 94 
Mutillides, 94 f. 

Mycdaea hi/ia, ^230, 240 
Mycetaeidae, 2Ji9 
Mi/cetohla pcdltjjes', 462, 463 
Myeetopliagidae, 237 
Mycetophilidae, 462 
Mydaidae, 491 
Mygwimia, 105 
Myiasis, 512 
Myiatrojxc Jlorea, 499 
Myiodncha tip'idina, 567 
Myoditini, 267 
Myopiiiae, 497, 498 
MyrajMra^ 82 
3{yrmemi^ 77/, 172, 173 
Mynnecoq/d‘us hortidm’ru'm, 152 ; d/. ntd- 
lige7\ 152 ; m.exwami.% 162 
M yrmecodtUf 1 3 9 
Myrmecopliilous liisects, 181 f. 
Myr'/tiedomay 226 

Myrmua 14.8 ; J/. f tthnu 133; 

M, rubra, races rayinodia, amb/rinodta, 
163 

3tyrmicAdeH, 158 
Myrrnicini, 159 

Nal)idefi, 556 
Mahis lativentris, 666 
JSfacerdes 7)idmiura, 266 
J3fadi(i ancilla, 390 
Nagaiia, 513 

Nagel, on digostioii ly injection, 212 

Ivagoda nigrkaus, 401 

Nanmella f'lmyi, 228 

Nassoiioir, on 8trepsiptera, 301 n., 302 

Naneoridae, 565 

Necrobui, mJboUis, 253 

JVemjphmiis, 221 

Nectar, 18 

JSfelmu irUarmptuH, anteiuia, 191 
N&Trmtobolu orihotrickx,, 431 
Nematodes, in ''niysaiioptera, 530 
Ne'tmilais inetallims^ 321 
Nerneobiides; 355 
NemeoHus luciim, 385, 355 
Nimiedrvna^ 455 ii. 

Neniestrinidae, 484 

Neinocera, 440 ; N. Aiioiiiala N. Vem 
456 

Ntm*gimthu, 304 
Nemoftonddes, 333 
Neocastniidae, 372 
Neolepidoptera, 366 
Neotropidae, 546 

541 ; iV. (imrm, 563 
Nepidae, S44^ 563 
Bepticuku 431 

NervouH systeni, Ooleopfcera, 191 
Memilea, 319 , 429 


Nervurat.ioii, of Diptera, 447 ; of Tiepi- 
<l(jptoni, 317 1'. 

Nervures, 318 , 319 ; development of, 329 
r. ; swrolleii, 34 7, 348 ; <)l“ Eunir’tU’.s, 73 
Nests, t>f ants, 1 36 r.,166; ol’ hArmiacfanca 
VL\ii{A^oknnpHii/vga..t\ 137 ; (d l^mydiyras- 
pls, 284 ; or wasps, 79 f. 79, 81, 83, 87 
Netrocera, il4l n. 

Neurol dasts, 453 

New bigill, 'Miss, on pigintmts, 331 

Newport, on Melor, 270 

Niciigini, IU5 

Nicolas, on UuUcJiih, 24 

Nilioiiiilae, 265 

miuhda, 232 

Niiidul nine, 231,, 

Noetuidae, 311, 370, d/fO, •! 1 1 , 4 1 4 f. 
Node, 131, 134 
Noliiiae, 409 
Nolidms 410 

ISf(m,(t.da, 30 ; 77. httMnirUtna^ JIO ; N'. 

surf and at.u, 30 
Noinns 407 
Nopal (NKtius, 598 
N ( KS( u le 1 1 (1 ri( les , 7143 
Na((iryrl i( .% 55H 
Notocioniiilac, 305, 308, 383 
Notodontina, Jf I 
N ot( n m ’ii dai*, f) 6>7 

Number of speei<*.s : of Aj>idae, K) ; of 
BuUta'lIicH, 343 ; of (!m*e,idae, 51)3 ; of 
(Jol(M>j)i,(.‘ra, 184 ; of I)i])t(5ra, 438 ; 
of Fleas, 525 ; of JU*ini}>tera, 543 ; 
of L(^pi<loptei'n, 306 ; of Lice, 600 ; of 
Tlirips, 527 
Null, 407 
Nurses, 66, 134 
iVyrtff.lrttian, 4 19 
Nycteineridae, 409 
Nycteoliuae, 4 10 
Tdyrirrlhk, 621, 522 
Nyttteribinlac, 521 

Nyrnpli, of Cicada, 669 ; of I’hrips, 529 
Nynipha iindusa, 452 
Nyuiplialnlae, 341, 343 f. 

Nyinplialides, 351 
Nyniplnpara, 518 

Nyaijdwla. Htagnaia, JSf. dnUiaUUa, 423 
JAysmynUks, 123 

Oak-Pniuer, 286 
Obliisilingues, 30 
Oceanic bugs, 552 
Octdli, 326 ; 0. couij)UHitl, 325 
Oehtliijdiilidae, 304 
(hmeritt, 407 n. ; O. dwjHiff 408 
(kneradcs, 489 
OiMonfpm, 409 
(kypuH (dnm, 226 
OdmitidabiH smmmH, 1 93 
Ociontniiiaelii, /7/, 173 
Odour, of bugs, 541 
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Odirnci'ifs, 7‘i r., ; O. 75 ; 

0. 7(> ; O. jutrietifui, -‘J ; 

pif./tduvi, 77 ; (). r(‘.tuforiiils\ 73, 7.'> ; 

0. .yilni^jcs, 3, 7^> 

Of’('nc<»{'.Ls‘ (jwnindhu -^130 
OerudojNU, 137, 164,165; Or.Cf’/dta/o/r.s^lZS 
(hTiqdijilla s'in<(r(q/(Hiuu 147 
Oec',opliori(la(*, 429 
Oedeagus, 314 [recti* uedcagusj 
(h‘(lr.jii(if<i/jO(/a 'printicp^^ 387 
0(‘.<lenieri(l;u‘, 266 
Oestriilae, 514 
Oedru.,^ oti/.v, 517 
OqeodcH, 489, 490 
Oil-bcetlt^s, 269 
Ohiop/i i/tf' T-d<(.vi(vi-, 430 
Olctlirciitiilne, 4‘^7 
hlmlor, 231 
()li{f((r<'r.s, 461 
OligoiH'.pliroiis, 542 
Oligontiura., 461 
(') m n 1 at o p 1 1 ( )r i 1 1 tie, 4- 1 4 

(J nciderrs, 286 I 

Opdut., 496 

Opli {(It'i't'H J'ttlhm 311 
Opouiyzillae, ftO/f 
Opostcija, 429 

Orange- ti]), 357 — see also ICuchlo(' 

OmUuehUifs, 216 

Oirta hpaloclimu 400 

Origin of jiarasitic bees, 32 

Orueodidae, d4(\ 37/, 426 

OmUImpdera^ 360 ; O. hrooL'laua^ 362 ; O. 

paradlsea, 360, 361, 362 
Orplniepliilidae, 470 
Ortalidac, d(Hj ‘ 

OH(dL% 447 
Orihogtnn'a, 

OHhezia, 541, 598 

OiiJtofpndufi, 206 

OriliDperufi iitoinariMs, (). (iniiinipf<% 228 
Ort]io])lera, d'od ; p.'irasite of, 497 
Orlliorrbi'Lplia, 454 ; O. Hraeliycera, 47B b ; 

0. Neiuocera, 455, 458 f. 

Orj/des nUNieoriuSf 199 
Oseinidae, />04 
Osnieterinin, 3(53 

47, 48 f. ; enemy of, 100 ; Imir f»f, 
11 ; O. cpanoMmthdy 32 ; 0. Uvcttia^Uimu^ 
29 ; O. tnarmis, 48 ; O. trulmUtdt^ 48 f. 
Ostcn Backen on Bngonia, 495) ; ou 
Cbaetotaxy, 446 ; on e.lassitieation of 
Diptera, 456 ; sunnnaiy of Bor^- 
scl dusky, 512 
Othiiiidae, 265 
Otiorhy lieliides, 4 37 
OuniajieMis', 355, SdO 
Ovaries, 541, 602: in larva, 325 
Oviduct, 320, 321' ^ ^ 

Ovi position, of Glmda, 571 ; of Noioncdct., 
567 ; <d‘ TacMm, 507 
Ovipositor, 436, 506, 531, 539 


Owli't-niotiis, III 
0.\-\va, rides, 517 
O.r.i/hi'/its, 129 
Oxyt'-ldrotinne, 425 
Ozaeiiiiles, 214 

I*iirh{f})vs, 1 S7 

hie.kard, on llytni*m>plf'r<iu,i metanmr- 

jduisis, 7 

It'id, <d‘ Ijc})i<li>iili‘rn. 3d 1 
Oae.dogeiiesis, 3»(l3, 461 
Pagio]»odn, dJf 'f 
l‘alaetde|>i<l(tptera, dtUl 
PtilfU'iniiirnt^ 43)5 
Pa 1 aeo t. r < J p i u a(*, - » 4 7 
Pal:ieo/,oi<*. liiseOs, 311, 542 
PaliiK'r- worm, 323 
I’alpie.ornia, 2/9 
lUdfodtund ^ 465 
ptdudi'tiy 377 

Pdinjoiiio huifji I’ttd ndy 482 
Paiitiiitin'ti , 237 
Paiiurgidi's, ..'9 

Piipdiny 359 : P. djd.iy 5»rins <4, /i.Jn ; l\ 
(t.td.hndi'h Ufiy 362; P, :.dJ niv.t'iy, VuVJ. 
Pajdlionidae, dZ/Jy .P>7y 3;>'5 
/*((r<fi'<’P//)/nt;iy 605 
I*ar(iiiitiy S!f 

PuralU‘1 series iu Aplddai*, 7»S5 

J*d.rd.it(f rd^ 288 

I*d!'dpidd pH ds fffd,i'i‘sit, !();* 

Pdf'dpi>dt‘/'d dtmdd, 172 

Pdrdpodii.i'y 423) 

ParaptiTa, 3,J2 

Parasites, unioitg aids, 183; ol mason 
]u*,e, 43> ; <4' lar\a of . 1 /oZ/'e/o/, 26 ; ol 

Od. j/df 'rdSy 76 

Parusitiig Itees, 23, 29 f. ; /9'o.vo//o;, 32 ; 

Dijdera, 507 
I^ardsifHcldy /7V7 ii. 
l\ti'middy 501 
Pdi'mifinldSy d/ply 3j62 
Parnidae, ,//9, 243, fd.d 
l^di'iittpt'H Cdfdddy 4 
Pdriid.% 244 

Parthenogenesis, 21, 85, Stl, :;9:», 430, 469, 
530, 583, 591 

PartlnmogeiHitii* young, 139 n. 

Passalidae, 192; larva, 192, 

Pi(Hti(d.(n‘ndity 1 28 

Patagim 311, 312 
Pattern, formation of, 335 
PdMfly 414 
Pan ro me t,al x d a, 5 4 2 
PaUHsidae, ,29/, 213 
Panf{ftuf< rr/i/i(dnp,s, etc., 2M 
Pavonid, 360 
Pea-weevil, 277 
Peaeo(*.k Imtlertiy, 5V7,? 

Peal, tui Hound-prodiieing ani, 156 
Peekhani, on PosHores, 13»0 n. ; on in- 
stiuct, 7o, 99 
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PeAvtm:u',(yrn.i(t^ 

Pedlcitivs, 600 
Pediculidae, 599 

PediculiLH cwpith^ 699, 601 ; P. niffiUct's 
274 ; P. vedinientij 601 
Pedilidae, 2fk) 

Peduncle, 133, 134 
Peij(m.yia i nanism 79 
Pelobiidae, 207 
Pe/obhfs tardvs, 208 
l^elogonidae, 562 

PelapaeMs, 110, 112 ii. : P. hUimntus, 
114; P, laePts, 113, 117; I\ wadra-- 
,ymtanus, 113 ; P. .yjirijh', 112 
PeltuMicta, 245 
Peltide.s, 233 
Penip)il<jiL% 589 
Pemphredon Inyuhns, 128 
Penipliredoiiides, 1 27 
l^eiiis, 314: 

I^eiitaniera, 190 
Pentanepliria, 466 
PmUatoina^ 541 ; P. rujipes^ 636 
Pc][itatonu<lae, 633, 545, B/fO 
Pepms, 104, 389 ; P.J)yrmm(,s 105 
Perez, on l)ee-parasitisiu,32 ; ou IPdidns^ 24 
l^eriamiu. cane^ictim, 470 
Pericopiiiae, 409 
Peridrepmta, 401 
PerilituH^ 282 
Pcripneustic, 450 
Peritracheal npaces, 33‘2, 333 
PorkhiH, R.C.L., on bee and a<;arid s.yiu- 
hiOHiH, 70 ; on Odyne:nt&^ 76 ; on Pnmipis^ 
21 

Pero'phora hales ly P. jit.elshfU/ine.ri, 377 ; P> 
Hitngu'mole.n Uiy 379 
l*eropboridae, 377 
PerotliopideK, 260 

Peytoureau, on morphology of- a])domeu, 
313, 314: 

Pliaeinrn, 337 
Phalacri<lae, 231 
Idudacrocera, replicdtHy 47 4 
Idialoniadae, Jfin 

Phmiasiis splcndidul'my antenna oi', 191 
Pharynx, 320 
Phaudinae, 392 
Idieidnley 165 

Phsidolvyeto iL labor iosasy 169 ; I*, d uuu’susy 

167 

Phenax, 575 

Ph&mjodeH hiercmy'aiiy 249 
Phengodini, 251 
Philaenus spurn ariusy 577 
PliilanthideH, 124 f. 

PhilanUms apmoruSy 127 ; P. Lrlantfidmny 

125 

f ddlmrtiB didymuHy antenna, 191 
fddlonthvB niikl'm, 226 

lOdehotxmms, 470 
Phltmi carticatay 645 


Phlotude.s, 515 

PhloetiUirlps /rfuarjitariiifty htiO 
Phohrlroii /jifhrriui/t, 403 

P/iiiHffpalry 216 

Phoridae, 191 

Idio.s/dnu’H as hriaijderas, 219 
id>osphon‘.seen(.u‘, 250 - see also liUniin- 
es(‘(*iuu* 

1‘liragnia, 307, 313 
PliraginoeytUires, 8 1 

Ph UiaafK'iiriSy 543 
Idithiriasis, 601 
Iddhh'ias iatjaiiudisy 60 1 
Pliye.iti<la(*, 421 
1 6 1 y cod roi n i t hu ‘ , BO// 

Phydorn is/ is, 1 3 1 
Phyl/otaorpha l-aciaiata, 647, 51 8 
/ diy/lorh i atf, | la rasi l.( e < 1 1\ 521 ) 

PJiy/ftKtwrtf, 587 

Phylogeny of l)utl.erlli<^-', 313 ii. 
PhyKialitlae, 551 
Phym ( Ui >}> as, 3,9 9 
Physapoila or I’hysejKxla, 53,1 
Pliytoniyzida<*, fdi// 
i’hytophaga, P/O, :/Ti\ 276 I. 

P/iy/.o/dif/( ires, B.j// 

Pliytosoopie, ellecis, 33,6 
Pivrelia, 3 18 
Pieridais it'/ly 357 

Pirris {)r<t.ssi('<i(\ 340 ; deve.lcpnient (4’ wing, 
328, 329, 333 
Pirstaa, 550 

Pigments, 330, 33, 1, 357 
JMliler, 308 
PilMHM4,les, 242 
Pinari(h'U‘, 105 
i*ioi>ljiIida(% B(fJ/ 
l’ipuneidi(hu‘, 496 
Pijiuae.al as, 496 
Pi HO a, 118 
Pit-falls, 481 
Idayio/rpis /riaieaiy 153 
/ day i til I a ys as, 287 
Plant-Iiec, 581 C. 

Plants and ants, 183 
Plataspid(!M, 515 
Idalycni'taa, 496 
IMatypezidae, 196 
Pfat yplamt. ! abhor PI, 495 
Platypides, 289, 295 
Platypsyllidae, 219 
Platy/fsj/ll as mslaris, 219 
Idafysoiaa. deprrssaai, 230 
Idaiy.stoinidae, BO// 

I dm mvuaiisshna, 567 
Pliny, on Mason-bee, 11 
Ididttrla pallidify 556 
Iduiue-inotliM, 426 
Plimmles, 331 
Pint sat, 415 
Porkazia, 576 
i Podilegidae, B B 
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P(teril(n'f/inpa -tOtJ 

/*()('.(’ ihu’.ttpH us I iuf'ut us, 5 4 2 
Poc.c.iloc.yttart'iM, 81 
l*(Hfon(>myniu‘.i' hurhuf us, 1(;4 
Poffonosftmui, 203 
PoiHon, of Ilyiitt'iioptcra, 7 f. 

IV)is()ii«glaii(ls, 2 

Poisonous caterpillars, 27t>, 40;i, 404, -iOf) 
Polistes, 86 ; P. and Sh/lops, JiOl, 

Pollen -gatliermg au<l -carrying, 11, 12 
Polphia, iH^sts of, 81 , 82, 83 
Polf/efmes fiiinariuSf 660 
Poly ctt!ui< lac, 5 60 

P<>lyr.ri/u.s lud(lusj 151 ; P. rufvsi'rus, 160 f- 
Polyinorplia {Colcopiexa), i.SY>, PJO, 213 f. 
PolyniorpliiHin, 130 f,, 143 
PolffpIuiUafuflo, antoima, 191 
Pdyploca, 386 
Polyplocidats 386 
P(ih//t/iirot('s, 

I*ulyrh(irhisy 155 ; P. jutndurus, 156 ; P. 

spmifpim, 138 
Poinpilidae, 03, 101 f. 

PouipUuSj 103; P. pd/isf.tuWrs, 104: /\ 
seriri' 11 ,% 106 

Ponera coutrarta, P. r./yutanfln'u., I\puitcla- 
tlssima, 172 
Poiicridcs, 132, 170 f. 

Purphymspis tristis, 284 
Porphytaplumt polonica, 597 
Porrtyrh'y'/H'Jrus, 216 

Portsehinsky, on liakits and devidojjJiHint of 
Musc-idae, 507, 512 
PoHt-nu}tariiorplu(i growth, 141 
Post-scutedliiin, 307 , 312 
Polmuoyeloii pecUnatMH, lajctlc on, 280 
Pafamoph.Uus amuimalus, 244 
PotasHiuin hydroxide, 328, 381 
Potato- becthj, 278 
l^oueh, ahdoniiiial, 350, 362 
Poulton, on colours, 339, 336 
Pracco.stal ncrvures, 319 
Praesciituin, 312 

Pratt, on iinaginal discs, 453 n. ; on i/r/o- 
pihagm, 519 
Prepona, larva, 354 
Prey, of Fossonis, table, 92 
I^ria didmmarae, 232 
IMmitive, beetles, 251, 252 ; I)ii)teni, 475 
Prwcnamis ajlirds, 5 ; P. himlor, 1 07 
Priodont, 193 
Prionides, 287 

Proboscis, 13, 14 , 16, 17 , 304, 307 , 309, 
311, 443 , 482, 485, 532 
Processional maggots, 464 
Processionary caterpillars, 376, 408 
Prodoxidae, 432 ; mouth, 309 
ProdoxuB, 433 
Pro-legs, 323 

Prolibc, Aphids, 589 ; Coccids, 594 ; 
IlepMlus, 397 ; Lice, 601 ; Mdoe, 274 ; 
Stylups, 301 


Prcnniuents, 383 

I*i'unulu(P^'l\ ; /^ yittrusr/Zu, 4i>2 ; P^syu- 
(heiira, 432 
I Pnniyinph, 453 
JVtkpodciun, 131, 133 
i’ropolis, 63 
J*ropygi<linni, 187 

Prttsopis, ;j'/, 22 ; liair of, 11 ; prolsKscis 
of, 17 ; /'. siyudfa, 21 
Id’otection, 43, 413 ; of tree'* by ants, 
158 ; of plant by ants, 16S 
Ih'otcrbinidae, 298 
J*i‘(iti’i'h inus (eamtci, 298 
Protfdej)idoptera, .Idfl 
Proltyufm* curoliiiu, 309 
Pcotopuussus,' 214 
Psanimoryrlt'r rermih'u, 481 
Pscdaphidju*, 223 : and ants, 182 
f*sini ufi'atus, I*, ro/n’o/or, 127 
Psuphvfi uSf 244 
pH«‘Udholnpt)<*, 440 n. 

Pseudoc.orylojdiidae, 228 
l*se.U(Uullcfli(iilUt, 180; P. iutrpif, 177 
PscudiKloxia I bn ulus, 4 3 1 
f^BUudo/iu’j'itf f/rut't'u, 99 
I^se,udoiaori»!ii<l(*s, 205 
l*svudtnnyi'inu hictthtr, 168 
Pscnidomynnini, lf>H 
Ps( ‘in lo 1 1 e u ro| ) t <* ra , 'iJ7 
PsfUdopaedogenesiN, 303 
Pseudopml, 188,264, 267, 290, 449, 492 
/\wud(i/uinliu pamdo.rn, 357 
PseudfHpupa, 271, 273 
Pscutloietrameru, lUO 
pHcudotri niera, Jdb 
pHe.udm'fsjiui, 88 

Pscudovarinm and Psendovuiti, 584 
Pse udfJvitcdluH, 588 
I^sili<lae, ftO/jf. 
pHiliyltma, larva, H 
pHilorrphfilft, 484 
pHllum •monacka, 407 
P.ulhyrm, 57, 59 f. ; P. eampudriH, 
60 ; P. vnfulw, 60 
Psocidai^ 248 
Psychr helix , 394 
Psychidae, 392 
Psyoliina, IPJ/f, JfJlj, 404 
P»ydmi(i, 46tl 
l*sy(dnalidae, 470 

I*»ylla pyrieda, 579, 580 ; /^ Huceindu, 
679 ; P. Inixi, 580 
PsyUidiw, 578 
Pteroekeilus, 7 6 
Plermleda, 400 

Pte.rophoridae, ,77/, d40, 426 

Herophorinae, 426 
PteruHtieknH, 205 
PtcrothyBanidae, .76.9, 406 
; l^terygmles, 312 
i Pterygogimca, 542 
i Ptilinum, 442, 503, 520 
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Ptilinus pectinicornis, 253 
Ptilocnejmis sithiicus, 657 
Ptilomacra, 395 
Ptiloinm'a laMcaudata^ 553 
Ptinidae, 246 

Ptomaphila lacrymosa^ 222 
Ptychoptera, 466 
Ptychopteriiiae, 472 
Ptyelus goudoti^ tul 
Pugs, 411 

Pidex amwn^ P. irrUan.% P, sarmlkeps^ 
525 ; P, ohtuskepa, 525 
Piilicidae, 522 f. 

Pulicipliwa luciferay 495 
Pul villus, 446 

Pupa, of beetles, 188 f. ; coarctata, 452 ; 
obtecta, 227, 327, 451 ; depositing 

eggs, 469 ; hairy, 407, 426 ; of Lepi- 
doptera, 326 f. ; with mandibles, 436 
Puparinm, 452 

Pupation, of Badamiay 366 ; of P(mir(ssiifs 
and 2'hais^ 363 
Pupipara, 456, 513, 517 
Purple emperor, 344 
Pusci, 504 

Pufis-moth, 328, 383 , 406 
.Pygidium, 187 
Pyralidae, S40y S70y 420 
Pyralidinay 4^0, 4^d6 
Pyrameis atalantay 353 ; P. cardui, 353 ; 

P. tavimeameay 353 
Pyraustidae, 421 
Pyrochroa rubenSy 266 
Pyrochroidae, 266 

PyrophoruSy 258 ; P. nocf/ilucus, 259 
Pyrrhocoridae, 548, 549 
Pyrrhocoris apterusy 636 , 549 
Pyrrlwpygey 364 
' Pythidae, 265 
Pytho depressusy 266 

Qiiartemay 89 
Queen, 66 , 67, 69, 140 

Races, of Apk, 68 
Radial nervures, 319 

Raffray, on Pogonostomcty 204 ; on classi- 
fication of Paussidae, 214 ; on (dassitica- 
tion of Pselaphidae, 224 
Railway-beetle, 251 
Ranatra linearw, 563 
Raptorial legs, 493, 554, 556 
Reaumur, on Xylocopay 33 
Receptaculum seminis, 140 
Rectal cauda, 638 
Red admiral, t%52 
Red ant —see Formica ntfa 
lieduviidae, 555 f. 637 
Medwmw personatuBy 558 
E4gimbart, on Gyrinidae, 216 
Resemblance, between ant, wasp, an<l 
spider, 169 ; between A nthophora. aiul 


Ilomhusy 33 ; ljel\V(>cn Arctia rlllica 
and Fusr.mm viUlaudcSy 410 ; Ijotweeii 
beetle-larva and Termite, 206 ; between 
Bombus imA Fidema, 35; between Born- 
byliulaeand Hynieiioptera, 489; between 
bug and ant, 666,557 ; Inig and Tipiilid, 
556, 558 ; l)Ug and fly, 547 ; in butter- 
flies, 348 ; between Callidulidae and 
Ly(;ae.iudae, 400 ; l)etweeii (Jdyphits and 
Hemiptera, 505 ; between (Jleridai^ and 
insects they destroy, 254 ; hetwee.ii 
Bioj^tinae and Ithoiniides, 409 ; hetween 
Diptera and Hymeiioptera, 499, r)()0 ; 
hetween Fpicopcia and PapUwy 418; 
hetween riatides and Lepidoj)tera, 576 ; 
of flies and bees, 502 ; to galls, 403 ; 
hetween host and parasite-1 Hies, 30 ; 
between TuHiicts of dilferent Orde,rH, 339 ; 
of Tthoiniides to other l)utterfiie,s, 346 ; 
between lady-hird andEndomychi<l, 237 ; 
of larva to a colony of larvae, 418; 
of larva of Odynerm and of (Virysisy 4 ; 
between larvae, 162 ; in Linuie.odulae, 
401; of bol jster caterpillar, 385 ; betwcicn 
Loiigicoriis and Ilyineno|)tera, 287 ; 
of moth to bird-excreiueut, 401 ; of 
parasite and prey, 95 ; or Pericopinae and 
Heliconiides, 409 ; between i>rotecte.d 
hutterilies, 345 ; between PHithyrm and 
BomfmSy 59 ; of Reduviid and PepsiBy 
558 ; between Rhyph.HB- and Alycvitdna- 
larvae, 463 ; of Byntomids to other 
Insects, 388 f. ; of TipuUds and ilymen- 
optcra, 475 ; between two kinds of 
ants, 162 

Resting-larva, 306 
Retinaculum, 316, 319 , 420 
Retort-shaped l)o<lies, in mouth of Ibiini- 
[jtcra, 535 

Reuter, E., on e.lassilicatiou of butterllies, 
343 11 . 

RhuchiccriiBy 480 
RIfagordia piumhetiy 552 
RkapJdorhyndtUHy 4 83 
lihegmatophila alpina, 306 , 386 
Rlmmatobatm hergrothly 663 
Rhinomaeerides, 201 
.lihinopHifiy 115 ; ./i. rajlcmnwy 169 
RhinmimuHy 266 
Rhipiccra wy.Htacinff., 266 
Rhipitieridati, 256 
Rhipidiini, 267 
/thipidioptmif 543 
Rhipiplioridae, 267 
Rliipii)horid(JS, 268 

Rhipiptera, 298 [in error for Rhiphijitcini] 

/ ihhjpfmgvsy 

RhizotrogifBy 191 

Ithodonenray 4^0 

Rhogmuny 179, 180 

Rhopaloecra, 310, 341 i\ 

/ihojudomdi/B (mg'tffifiraPiH, 206 
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Rli opal on i er ifl ae, 504 
FJiojmlosorna 100 

Rliopalosomides, JOo 

Ithygclihrm. bnaineum; 7?. mi'iidticiiiit, ll. 

mtUhthtm, li. oailahim, 7“ 

IthymhUcs hetulae, 291, 292 
RTiynehitides, 291 
Rhynchopliora, IDfK '277, 2SS L 
Rhyiicliopliorous series, ;'J40 
Rhyncko2)fiifUa imlex, 52d 
Rhyncliota, 532 
Rliypliidae, 478 
Rhyphus, 463 
Rhysodidae, 201, 234 
Riley, on Rpimufa, 270. 271 : on speriiia- 
tliecal bodies, 321 ; on Vneca-moth, 
432 

Rljykllus j)edt)n'corm^^ 269 
Rippe, of Scliiitfer, 334 
Robber-llies, 491 
Rose-chafers, 200 
Rnsema, 401 
Rostrnin, 291, 472 
Rothney'-, on A'Dtgmlex, 115 ; on 
169 ; on Sphex, 110 

Rothschild, N. C., on niorpholoycy of tleas, 
523 n. 

Royal jelly, 66 
litcifes (pitiyylopluyva, 1 67 
Ruby- wasps, 1 f. 

Ru rales, 342 
Rutelides, 195, 198 

Saccoihres, 55S ; K. liAxmiilatuH, 537 

Saceus, 314 

Sat fra splettdula^ 279 

Sajj;rides, 279 

Saida, oGO 

Saldidae, 5U, 562 

Salivary, duct, 320 ; gland, 320 

Sand-flea, 525 ; -flies, 477 

Saperda 285, 286 

Bnproinyzidae, SO 4 

Sttpyya t/ithiqiupujirltda, 100 

Sapygides, 99 

SamtpJiaf/tc, 510 ; S. rarjiaria, tAO 
Sarcophagidae, 510 

Saxcoplida muynlficit, S. iroldfakrtl, 510 
Sarcnpsylla, tjallinacaa, S, jjciietmm, 525 
Sarginae, 479 
Saro'poda, 32 
Sarrol.hr ipiis, 41 0 

Sasaki, on parasite of silkworm, 508 
Scdarnia, 307, 310 ; S. pavonia, 313, 374 
Satnriiiidae, 36S, 372 
Satyrides, 347 
fe'aiiba, or Sauva, ant, 137 
Saunders, E., on feathered hairs, 11 ; on 
proljoscis of bees, 16 

Saunders, Sir S., on Hymenopterous larvae, 
8 

Scale, 131, 133, 315, 467 ; development 


I of, 329 f. ; -forniMtion, 333 ; -holder, 

I 331 ■ ' 

' Scale- Insects, 592 f. : em-niy of, 356, 357, 
417, 425, 430 
Seal pell a, 443 
Scape, 441 
Scaphidiidae, 229 
Sctqdiisonta (ujtrricin nv) , 229 
Scaphinm, 314 
Scapulae, 312 
Scarabaeidae, 194 f. 

Scarahaeiiii, 196 
Srartdyfrus saerr, 196, 197 
Scatomyzidae, 504' 

ScatO})hagida(‘, 504 
Scatopite, 477 

Sadiphran, 112 ; S. mtjripcti, 91 
Sceuopiiiklae, 48 4 

Schaffer, on strnctiire of wings :uid iier- 
vnres, 330 

Schiodte, 544 ; on Anoplnra, 599 f. ; on 
Herniptera, 543 

SrJiistoccrm perryrliia, enemy of, 506, 514 
Si'hizorarqms minyaitdi, 220 
Schizorrietopa, 504- 
Srhizoneura, 589 
Schizopbora, 455 

Sclimidt-Schwfult, on Doitaria, 280 

Sr/ioen/jert/la, 360, 361 

Schoenobiinae, 425 

Sriaptertm, 387 

Stu.ara w.llUaris, 464 

Sciornyzidae, 504 

Scitrphlla wmmaculaiu,^ 462 

Scotia blfasciafa, S, /(((ciiiorrlioidalis, 97 

Scoliidae, 93, 94 f. 

Scoliides, 97 i. 

Scolytidae, 294 
Scopariidae, 1 
Scopariinae, 42^ 

Scope! odcH, 401 
Seopulipedes, 20, 32 f. 

Screw-worm, 512 

Scudder, on butterlli(!S, 543 

Scutata or Scutati, 540 

Scutellci'ides, 545 

SevteUitjera, 501 

Scutellum, 307, 312, 537 

Scutnin, 307 ;*‘ S. prol)oscidis, 443 

Scydmaenidae, 223 

Scymnites, 238 

Sc.ymnus wininms, 238 

Seasonal dimorphism or variation, 335 

Seitz, on Syntomid resemblances, 388, 389 

Serni-loopers, 415 

Seminal duct, 321 

Serai- pupa, 271 

Semper, on development of wing, 333 
Sense-organ, 442, 448 ; thoracico-abdo- 
"minal, 414 ; in Uraniidae, 419 
Sepsidae, 504 
Sericaria marl, 375 
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Serictc.ria, 325 
Seroot-fly, 482 
Scrrieoriiia, /cSY/, 

SesiO^ ,3‘S7 X'. ,srn/i<fr/orjii i.% 321 
Basiidae, 386, ,!?*%*, 370 (Tor Spitomidae), 
389 

S()tai‘, 534 f. ; lu’-rostatie, 408 
Sdina, 410 

SftVciite<iii-yc‘!U' Cirada^ 569 
tS(fX, 02, 95 ; ])rodnctioii of, 

32, 67 ; in larva, 325 
• Bt'xuparoiis, 586 

Sharp, on classiticafani of Dyt iscidae, 213 n. 
Sheep, Ijot-fly, 517 ; -tick, 51 S 
Shic'Id, 592 

Shoulder, -lappets, 312; -tufts, 312: of 
wing-, 319, 31 6 
tSiatjana, 206 

Siculodidae, 423 

Sieliold, von, on Strepsiptcra., 301 
rnvuvtnmuia, 568 
Sight, of Pimipibun, 1 04 
Silk-glands, 325 

Silk worn 1 , 375 ; affected liy •j)arasitic fly, 
607, 608 ; Madagascar-, *405 
*SUp/iii, 221 ; Sifpha atvata, K f(frri</(ifa, 
*S. lap/miuM, 222 ; S\ ohm/m, 222 ; /S'. 
apara^ K thuradr.a, 222 
Silpliidae, 221 f., iiUPl 
Sima, 16S ; A Icricqjs, .stridiilaiing organ, 
KJO ; S. r/{fmi(fri(j 169 
Siiiiuliidae, 477 
Shmlmm cdminiKwzmm, All 
Sinodendrmi n/lhidri mm, 194 
Biphon, 663, 581, 589 
Biplioiiapteiu, 522 f. 

Hipbonopliora, 239 

8i])huiiieiilata, 600 

Sllaris, 33 ; S. Ji vvimralis, 272 

SUndnpa, 24 7 

Hkipjjers, 363 

Blave-inakiiig ant, 149, 150, 163 
Bloth, 430 
King- worms, 402 
Sriiallest 1 iiK€u*t, 228 
Hinarintliiiii, 380 
SairrhifhaH jmpaii, 309, 381 
Bniith, F,, on Md/ia iis (tmiids, 123 
Snails, enemies of, 205, 222, 510 ; [larasite 
of, 495 

Social, 35 ; wasps, 78, 84 
Soeiales, 20, 53 f. 

Stdfmimn iluhaimiru, beetle*- on, 232 
Sobliet-H, 132. 

Boblier-aut, 150 
menohta, 395, 430 
b4(>lenapMi,H fwjux, 137 
Solitary wasps— Boe Fo.ssores and Eunie- 
nidae 

Song, of Cicadff, 572 
Sord'fda,, 232 

Bouiid-orgaiis, 448 ; of jf/erm iff, 354 ; of 
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Ilpcaix.sta, 371 : nf (*uuiihi, 573, 574 — 
see also stritliilating organs 
Sound -production, 155, 156 ; Ity Ai'f/otrrtK 
411 ; by Aretiidac, 410 ; by Spliingidae. 
382- see also Stridulation 
Spalaeopsini, 288 
Spatula, 459 

Spencer, Herbert, on \Teismaiin, 143 

Spcj'chnfs ('.iiiarijiaatiiH, 218, 219 

Siierinatlieca, 320, 321 

Siiermophilct, 506 

Sphaeridiides, 27,9 

Sphaeriidae, 227 

SphmriUs, 22S 

Spbaeritidc.s, 229 

Hjiliaerms acaroides, 227 

Spbaerocarides, 279 

S2)h(‘xia, 387 

Sjdidcm.^ specios'Uff, 123 

Sjdiceodes, 21, 22 ; >S'. fjihhtH, 23, 23 ; S'. 

rvbiawdffn, 22 ; /S', subqvadmhfx, 23 
Spliegidae, 93, 107 f. 

Spliegides, 107 f. 

Sp/icx coerifli':H.% 110; jiari/mi a /,% lOS ; 

/S'. hth((liis, 110 ; /S', mfixilhmvs, lOS 
Spbiiididae. 245 

Spliiiigidae, 309, 315, 316*, 2(>S, 380 f. 
Pphifix lif/asfri, 380 
Spider parasite, 490 
Spilostrma, 408 

Spinneret, 324, 326, 403, 417 
iSpirachtMa, 227 

Si)irack‘s, 188, 191 ; of Diptera, 449 f. ; 
of Hippo bo.scidae, 519 ; of Lepidojdera, 
313, 314 ; of Lipara, 451 ; nf iXeptf, 
564 ; of Thrips, 528 
idpou dyliaspis, 581 
Spoinlylidae, 288 
Springing plant-lice, 579 
Spuler, on iiervures, 317 n. 

S(i llama, 448 
Scpieakers, 209 
Pfaethenma, 401 
Stag-beetles, 1 93 
Stalk, 317, 319 
Stapliyliiiidae, 22,% 224 f. 

Stan dinger, Schatz and Rdber, on Initter- 
Hies, 343 11 . 

PUmwnotuii ‘marorranifs, 489 
Pkmrnptis Jdtji, 385 

Pfdm 'miunUi, 29 ; S, ■jumd.if, 30, lO ; P. 

drpiatu, 30 
Stelocyttare.s, 81 
Ptmcunmiu, westwoodl, 7/7,9 
Ptenopt.er\jx hirumlin is, 519 
PtcphoHtetlms, 240 
St(friiorhynclui,, 5Jf4 
Ptcrrli opderyx, 394 
Btetliopathidae, 496 
Stigmata — see Spiracles 
Pfvjmafmimfi, ISO 
Ptiymns peridnlm, 1 28 
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sting, 4, 5, 6, 58, 144; (bvclopmnnt ol', 
8 9 

Stinging, 98; by Calicurtjiis, I ^ 
Pompiliclae, 104 ; by 190 

Stingless bees, 61 

Stinlv-gland, 257, 633 ; -vessel, 226 

Stipes, 309 

Stiziiiae, 123 

Stomacli, 320 

Stotnoxys calcitnins, 512 

Strationiyidae, 478 

Strcttioviys, 452 

Straus -Diircklieiin, on Mdolonnut, iOo 
Strawberries, eaten by beetles, 205 


Streblidae, 521 
Strepsiptera, 159, 298 1. 

Stre^ptoperas, 401 ^ 

Stridiilating organ, of Myrniim, 133 ; <»! 
Heterocenis, 243 ; of PassaluH 
192 ; of Sina leviceji% 169 
Stridulation, of ants, 134 ; of Cnrfxa, 508 ; 
of Criocerides, 281 ; otDynastides, 199 , 
of Geot'nq^e^i 195 ; of Ipides, 232 ; ot^ 
Lomaptera, 200; of Longicorns, 287-; ‘>1* 
larva of Lman-as cenms, 194 ; of Mega- 
lopides, 282 ; MdobntlMAu'vHy 'n»8 ; 
of Mutilla, 94 ; of PekUu.% 208 ; of 
Phonapaie, 246 ; of Phylloviorphu, 548 ; 
oiPraogmd, 264; of Siayovif^ 20(> ; of 


Trox, 195. 

Strigil, 568 

Striphnopterygidae, 575 

Stronigylognathus huberi, S. tef-ilaceih^ 162 

Strimiigenys, 170 

Style, 442 

Stylopidae, 298 

Stylopised bees, 26 

Sti/lops (lain, 299 

Styx mfernalis, 358, 340 

Suana, 405 

Subcostal iiervnre, 318 
Submedian nervnre, 318 
Siiboesopliageal ganglion, 320 
Sncking-stoniach, 311, 449 
Suction by Lepidoptera, 311 
Suctoria, 526 
Sup)ericornia, 546 
Swallow-flies, 519 
Swarming of wasps. 70 ii. 

Swarms, 62, 65 67, 80, 135, 467, 505, 


584 


Swift-motbs, 396 , 

Symbiosis, of ants and plants, 1 39 ; of 
bee and A.carid, 70. See also Ants’' - 
nest Insects, and ARSoeiation 
Symbius blaiianm.^ 269 
Sympbily, 188 
Synectbry, 183 
^MTnon, 37l 
Syweca cyanea, nest, 82 
Syntelia 'wesiwoodi, 229 
Synteliidae, 229 


I Syiifomidac, 3 HH 

j Hgitfnmi'i i;!l{> 

j Syringi*, 635 , 53 d 
Hyrpliidur, 439, 198 f‘. 

Sjpfort'lnis ii/rff.% 48 !^^ 

HyatntiufH rr/nlt'hs, 489 

rabani.Iae, 4 H 1 , -192 

TnbOHiKS, 4 8; ‘2 ; 7 '. 481 :i 

'rnrlitiiidai-. 507 , 5 // 

'nu'liyuftht x jut nrt i, 117 
I 'Ptirlif/lr.'!, I Oi ; <lfhtni\*T ««!', 1*75 : T 

j tf If si rah':;, 113 , 117 ; /'./»• 117 

I 'Paidiy tides, 116 

'Pffrn/n, lli*as as ln»st . «»!'. 5 *,P» 

Ttijiif 'uf i/finif.% pupa, 357 
Tiflrpnriif,. 395 
'I’ldepjoriida**, 130 
I’aiiy pi*zi»!n<% “df// 

'raph ro«leri(ie 2‘.9i 

'i'lfjiifiKitia I't'i'nf inf uu Ifu 

\ 'raraiitijla “killer 1 05 

i TuryJn'fi:-, 233 

I Titmih'/ii:;, 3s:i 

j Tasfliciibfi'g, on aiiiit'iiny of 5*33 n. 

I Tusriiiif, 

; 'IVn«plaut laig, 562 
7'm/v/. iHcinnintiflii, 108 
Tcgula, 71, 1H7, 307, 31 1. 312, M7 
'r(‘gniina, 539 
^Vleodoiit, 193 

'IldephorideH, 

Trim ill afth 'd U:;^ 23 7 » 

Tnnniu'liihi ntrrtdiii, 232 
'renitjiM'liilidfs, 

Tnirhrio mttUtur^ 263 
^rem?brioni<l5u% 263 

Tt'itfdirfiitit'H muftrila 4iif'(t^ 232 

’'rentaj'b*, maxillary, 309, 432 
''renthrediiudiie, parasite at, 1 
'’ferebranl iit, 53 1 
Ten»ilt<*s 203 , 20 « 3 , 227 , 231 
Terrifying attitud**, 3/^1 
Tehscratomiili's, ,5 16 

TeHti'H, 321, 324, 400. 4*29 ; in larva, 325 
Tf’tff tKHXrff J't'f’i'iffjinm, 501 
’T(4a«f w.e rid a«% /Hhj 
Teimyonn, fffi, f'/f 
OVlrnmeni, lUd 

Tti. ram unu m ramjii t it m, 1 1 K) , id; » 

''riittigumet ridi'H, /iil7 

Tf urrimn, bug and galK (Ui, 550 

Thffj\ piijmtioji «»f, 363 

Tfmn(i(i.% d/fj \ ainliofsadii, 332 

fl’herevirbu*, IH4 

Thiridopkrjfx^ 120 

Thornaa, on aialrownia, 331 

Thoriatiibu^ 236 

Th(rrktm.t 230 

Thrijis, 526 f. ; Thripn hin\ 5*H ; 7*. 

mm/inn, 530 
TIirof«.'id*;K, 
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Thyalira hati^, T. dm'su. liSfJ I ^ro 

'r}iyin;u’i<l:u*, 

'***’ I Trc 

Thyri'ophoridiUN 1 

Thyriduliu^, ^>7^^ 401 ^ j 

n'i/ri<l"P>i‘rilJ- ephi-iiu^raijm-mif.. 3.t-l 
d'hys!nn»i»ti‘ni, 520 L 

'ri^t^ci’dictdO^s, 201. 1. 1 

Ti: 4 fi‘-iu<*i,lis, ‘109 1 rjij. 

7V//7/.V 25^^264: 

Tuu.:: 005; V. 420, 400 , /. // 

raHtvUa, 100 ; T. riyur^^ 4^ 

'^^ut‘id!l<^ dfd-, dn./-, -f -ii ' - 1 ,y^ 

'riiifodithu*, 420 1 rp 

'Pi tii’iifd hist'llu'Ud^ 400 

'rini^idiUN 549 , 10' 

Tlidilti hrohditjduutd. '\i‘d ^ ^ I 

■n;mlia..,47ir.; T.Hmn!,al,n,4,2, l/... ,l 
O'. Loii^ipalpi, 4/2, 4/.> 

O’lpurniJu*, 47i> 

Tiff'difs .svV/'</, 241 ^ I ^ 

TifttHit^i if<!fff/dri/,% 207 

Titidn'f'd^ 0»40^ I 

'r'»ud«dd(‘s.', 29;) . 1 ,. 1 

Tnanx/ddUiiis Hiihli/rn.s 101 

'rf»uuu(\ 01)9 

.p„j.t,ois/‘.sh*41 ImiiH ljii'S, 0..i ^ 

Turtrudd.'u', d/pf, d!d>, ‘12/, ./•>. 

'pfn-triciiia, .A'/.7 
Tt/.iyi'f'h ( ddf 4 / 2 ^ 
fuytiirypdnuy 500) 

Tnrhsis, 205 
'rrirhiiui, 200 

l\^tdlrditiritr!ii .-<, '/'. <tmw/<w. '/'• 

frdhitphidja t<tpH..eIhjy 4‘.U) 

'rri«di<»ptt*no OOO, 

'I*rii*ljnpi<n'yKi<ia<s 227 

TnrJdy>fn\yj\/d.^rjri(l<n'h% 22T 

'I'r'H’hroiriim 051 
Tri/*ht<'rvvi«;klt'r, 294 
Tth’hdrd. :i89, 390^^ 

'rri«'t'dioii)niid!M% 275 
7V,V.7, /»«■«. p-W (iS ; T. 

)Y// , 05 ; moHyinhu 02 

'ri'ini«*ni, 54 1 
S'J 

Tnundd dfrrnmd, 494 

III II H, 489 

Trhiza rhauini, 5H0 
ffiplid>‘tid% 415 
friphU'pHy 500 

300 . , , 

1'ro.4udMp^><la, 

rmAmiU'V, p7 ; divi<0*d, i-.> 

'Pf’tti'hihiinu '*8/ 

TfHiijfd, /Od 

Mil, VI 


Trogositidae, 232, 205 
Troyofi'di^ inaurilani.ciiy 232 
Troinoptera, 457 

Tro] )lu Mouth -parts 

Tr(i'j% stri<lnlatioii, 1 95 

I'rulllc-heetle, 222 
Trumpeter Ijiiniblc-boti, ,>8 

'rrj/pd‘id«’ 11,% 2 30 
O'rypanidae, 395 
I'rype.tidat*, fiO/n 500 

'S;:C:"n»;V. .»«, n,-. r. 

jUfultiii,, 119 
Tse-tsa. lly, 512, 513 
'rulnilifera, 11 
l'uV)ulifera (Thrips), 53j^ 

Tulip-tnic, tubes on, 5/8 
I 0'iirkey-guatK,^477 

I Turuip-lloa, 2/8 

Tiisscr, orO'uKSore, «dk,^0/^ 
Tijhvpd’WitcrpdS 572 

TyplMta. J7d, ISO 
7'yp/d<ipiin(\ 178, D9, 180 


{■ffi.wyid- .swi/;n-r//n'., 507 
Ulidiidae, 504 
lOdpK, 57 s 
Uncus, 314: 
rranid. fhiphddi^, 419 
Uraaiklac, 07AS\ 419 ^ 

Uric acid pigments, 0.>/ 
Vrodouy J7S 

U'/td, on Tby.sanoptcra, .>--7 


.. urw . Pirvu, 354 — «l1s(> 

1 /l//.^^sw(, 0;)2 , hiiVii, 

f\)/raiindif an<l Ar(t.srhm((- 
Vani’Hiddny 350 ^ 

VaT>ourcr-moths, 40/ 

vdiatio.i, ..f Apmma J.!'',,;. 

„f Jltivdniii, 58 ; ol li^i'vac, 3,10 , 

Jiiits 100 ; Ol' 'Workers and fcii ,i1ch, 
Kfi’; to pantotoH, ‘2li ; 

and itnago, 408 ; gcncnc, 401 , local, 
•198; in mu-vuration, 414 ; 
pUiHin in <lc<)ni(dnddarvac^ 41 , 

nandiblcs of Lvicanidac, 193 , m u lour 
Ilf l‘„YUi.la-, 579 ; triaUn. «m lu"'! 
wiinrs 351 ; in size, of Brentlndae, 2.)7 , 
"rtim.- an.l to.n in (Umia, .5,0 ; m 
wiuKS, 540; <w to wiiigo'l or wm«1o» 8, 
531 ; cliiuigc in, 414 ; Hcasoiial, 33.> 

Vasa <l(*fer«ntia, 321 
Veils, 493 
VciuS‘“-' see nervures 
Vella cAirrens, 552 

Vellfim ddlatataii, jr 

Vorlrooff, on A!,<’nm, H)5 , on 

26 ■ on HiiOionoi'lx'ra. ‘/"‘f 

ndniilM, til) ; tcrnunia seKiiusnts of 
V>e.e.ik‘S, 180 
Vet Hi d eo deyec ri y 481 

2 B 




626 


INUKA 


oldl'Ui't^ 623, 

A'ersoii, on vudiintints ot wiu^s, ->28 
\"ertiil laTvao ot Dijiloiu, atliU'lvin;^, 

50G, rno, 512, 5 U, 511, 517, :V 2 () ; 
tickdkiiis on, 521 > 

rr.s'/jf/., iK'stsoi; 79, sn : si, 

88 ; r. cnthfif, 81 ; I'. Hfnmtnnv, 79 
Viispidae, 7S , . - , , 

Vivi})arouH, Aphids, 58:1; lly, :>U, 

5i:i, 518 r.; niotlis, 430 ; Stapliyliiikliio, I 

U -X ^ ' 

Yoi(.e--se(-i Son^, Soiunl-orKiins, Siruliilu- | 

tion I 

Volv.cdU^ 500 ; I', hiu/ihfjidns, 441 , 

■VVaf^ner, on niorplioloiLify of liens, n23 n. : ! 

oil puedogeiitisis, 400 
Wnlker, J. J., on lldhikdrs, 552 
Walliun;, oil tliglit. of 1 lesperiidne, liO-l ^ | 

Wnlsirigliani, Lord, on 'IVirtriddao, 427 | 

Walter,' on inoutli of IiL‘.]iido})h‘ni, OOS, 
310 

Wandering a.nis, 1/5 f. 

Wanzensprit/-e, 530 

Wasniaini, on Aiits’-nest. Ii»se(d.s, 181 in, 
183; on Lomechfuiu 142, 220; on 
Weismaiiu, 14:5 
Wasps, 71 t 

Wasps’-nest, beetle, 235 : Inseet, 2f;8 
Water-scorpion, 503 

Wax, 05, 575, 570, 5117 
Wax-glands, 589 
Wax-hairs, 580 

Wedde, on month of Heiniptera, 636 

Weeping-trees, 577 

Weevil, hi.se.nit-, 247 ; pea,-, 277 

Weinland, on halteres, 448 

Wet- and dry-.sea.son forms, 32i‘» 

Whirligig-beetle, 215 

White wax, 570, 597 

Whittell, oil Pdopat-m ami larriuh^ 117 

Wielowiej.ski, on liiiiiiiious organ.s, 2:>0 

Wing-ca.ses, of beetles, 180, 279 


Wing, of btigs, 539; of Dipt.cra, 4 17: 
«)f lj('pi(io})tri'a, 215 1. ; dev(4nj)iiit!nt uf, 
328 : st nu'iun* t tl', 32i» 

\Vingh‘ss s«M‘ A ph'i'ous 

tS'ingle.ss and wingod Aphids, fiSl 

VViiig-in-rvurer. - si*e, Ncn hits 

Wing- rib, 320, 232 

Wiug-vi'ins .H*e Nerviu'cs 

WinU-r gnats, 173 

WinhT nu4h, 41 1 

VVint<‘r ni< idler.' 686 

Wire- worm, 25S 

Wood ill it see Fiu'i/df'H rifjd 

Wood -leopard inotli. Ihid, 295 

Woodpceker, Dipiorain, 505 

Workers, r.4,r>ii, 57, 79, 85, 122, 140 

Wonii-oat ell rnruiture, 24.'< 

Xd iifliin'fiilid .d/'dtii parasilc of, 621, 

522 

A'e//o..', 303 ; .V. 299. 301 

Xi’dtifii ihft^ 

Xi(1>n‘<>}in ,'’d» 34. 70 : Milunenliiiii of, 1 4 ; 

A’. I'ltli n'opf t't'd, 34 ; A. iVo/oer/g ,],] 
XiflidllphvH i, 458, 469 

\y lophagridae, 470 

Xylophaginae, 180 

X\ lophil tdiie,, 2f9> 

X ftl"( I'lqti'H ifldinu^ 199 

VellnwdV'Vor-lly, |t» 1 
yoh/iid!^ nak 

Young earritrd, 550 
Vueoa 'iiioth, 422 

Ziflu'ii-, 205 
Zdifhtt 1//////’#/, 666 
Zfji tiff /tit t 3‘.H> 

Zrmht.si'd t'f’lff'S 291 ) 

Zrir:i'rd nn'<i'dh\ 209, -‘’/.to 
Zeir/eriihie, 2,95 

Zygne.iiidac, o'h*//, 388, 2!H\ .VJX ;W.j. 
Zpijidf 2." 2 
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